12 United States Patent

Farebrother et al.

US010066463B2

US 10,066,468 B2
Sep. 4, 2018

(10) Patent No.:
45) Date of Patent:

(54) DOWNHOLE PUMPING APPARATUS AND
METHOD

(71) Applicant: LIFTECK INTERNATIONAL INC.,
Calgary, Alberta (CA)

72) Inventors: Guy William Farebrother, Calga
y gary
(CA); Serge Gilbert Bonnet, Calgary
(CA); Rodney K. Ridley, Edmonton

(CA)

(73) Assignee: LIFTECK INTERNATIONAL INC.
(CA)

(*) Notice: Subject to any disclaimer, the term of this

patent 15 extended or adjusted under 35
U.S.C. 154(b) by 200 days.

(21) Appl. No.:  14/892,476

(22) PCT Filed:  May 28, 2013

(86) PCT No.:

§ 371 (c)(1),
(2) Date:

PCT/CA2013/000519

Nov. 19, 2015

(87) PCT Pub. No.: W02014/190406
PCT Pub. Date: Dec. 4, 2014

(65) Prior Publication Data
US 2016/0130920 Al May 12, 2016

(51) Int. CL

E21B 43/12 (2006.01)
E21B 43/18 (2006.01)
F04B 47/08 (2006.01)
(52) U.S. CL
CPC ... E21B 43/122 (2013.01); E21B 43/121

(2013.01); E21IB 437123 (2013.01); E2IB
43/18 (2013.01); FO4B 47708 (2013.01)

ri S 4

362 ABAa Seh
Y A0,

e AN e — - 28

(38) Field of Classification Search
CPC ....... E21B 43/122; E21B 43/121; E21B 43/12
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2,132,738 A * 10/1938 Knox .......cccovvvrnnnnn. FO4F 1/18

417/142
11/1938 Baldwin et al.

(Continued)

2,136,229 A

FOREIGN PATENT DOCUMENTS

CA 1167760 5/1984
CA 2248293 3/2000
(Continued)

Primary Examiner — Matthew R Buck
Assistant Examiner — Aaron L Lembo

(74) Attorney, Agent, or Firm — Terrence N. Kuharchuk;
Rodman & Rodman LLP

(57) ABSTRACT

An apparatus including a sealing device for sealing a well-
bore, a first pump for pumping tluids from a lower wellbore
section, a pump drive powered using wellbore gas, a gas
inlet for supplying the pump drive with wellbore gas, and a
gas outlet for exhausting wellbore gas to an upper wellbore
section from the pump drive. The apparatus may further
include a second pump for pumping fluids from the upper
wellbore section into the lower wellbore section, a vent for
venting wellbore gas to the upper wellbore section, and a
switch for controlling the pump drnive. A method for moving
fluids 1n a wellbore including sealing the wellbore, supply-
ing wellbore gas to a pump drive and driving a first pump
with the pump drive. The method may further include
driving a second pump with the pump drive and venting the
wellbore gas to an upper wellbore section.

37 Claims, 9 Drawing Sheets

[&

]

_ _ z

., ‘ _ " r

\\\ R N ?

ol 4 % .I* ., T . ‘ ?:
: I —

#‘&'ﬂ.ﬂ-‘-..-ﬁ-.'-.-'--

o T A O i L et T A T e D s e

i e R T e Iy eI o S e i L e T i
HIY PR -~ vl sk = P A

f sl T o ) > o i A

2 N
S0 H—8
1\
o
e SN
NN
\
o Z
4y §
o —g
T -
T2-b
15

ViR ‘110




US 10,066,468 B2

Page 2
(56) References Cited 6,234,770 Bl 5/2001 Rudley et al.
6,322,333 B1  11/2001 Knight
U.S. PATENT DOCUMENTS 7,204,314 B2 4/2007 Lauritzen et al.
7,546,870 Bl 6/2009 Dotson
2,252,047 A 8/1941 Steenbergh 7,566,208 B2 7/2009  Santos
3,884,299 A *  5/1975 McCarter .............. E21B 43/122 7,789,142 B2 9/2010 Dotson
166/68 8,171,997 B2 5/2012 Olson et al.
4,405291 A 9/1983 Canalizo 8,225,873 B2 7/2012 Davis
4,465,435 A /1984 Copas 8,991,504 B2 3/2015 Hanson
4516917 A 5/1985 Copas 2007/0286746 Al 12/2007 Thrasher et al.
4,596,516 A 6/1986 Scott et al. 2008/0283250 Al* 11/2008 Simmons .............. E21B 43/121
4624310 A * 11/1986 Echols ....cc........... E21B 34/102 166/369
166/105.5 2011/0036581 Al  2/2011 Davidson
4,730,991 A 3/1988 Handfield 2011/0278015 Al* 11/2011 Mazzanti ............... E21B 17/18
5,296,153 A * 3/1994 Peachey ................. B04C 5/00 166/372
166/265 2011/0308812 Al* 12/2011 Bullen ................. E21B 43/129
5301,749 A * 4/1994 Fischer ............. BO1D 17/0214 166/372
166/54 2012/0125625 Al*  5/2012 Brewer ............. E21B 43/122
5,857.519 A * 1/1999 Bowlin ................. E21B 43/121 166/372
166/105.6
5,860,795 A 1/1999 Ridley et al. 0 0
6,068,053 A * 5/2000 Shaw ....cccconn..... E21B 43/121 FORBIGN PALENT DOCUMENTS
166/267
6,125,936 A * 10/2000 Swisher ................ E21B 43/121 8‘} 20?%233% ;%88;
166/265 N 101538999 9/2009
6,138,758 A * 10/2000 Shaw .........ooovvin B04C 5/00 CN 101842546 9/2010
166/105.5 CN 102102506 6/2011
6,158,967 A 12/2000 Dupre WO WO 9825005 6/1998
6,167,965 B1* 1/2001 Bearden ................ E21B 43/121
166/105.5 * cited by examiner



US 10,066,468 B2

Sheet 1 of 9

Sep. 4, 2018

U.S. Patent

N

J

A R AW AN WA AN ViR A A AN A, WA A AW,

R S ST T S v 4 ¥ iy 1w e 350 L VSO £ . VN L S S O [, I S SO S S ST S A VS S S N IS W,
= BLANRY /7 M A
S A S e R I AR S PRV M A o AR R Al At A iiiiii,iititi‘iiii“t‘lttit w
_ . !
“
_ m

I = WNIRY /;//) U — gi;i.;i;i;ig.ﬁrﬁ . :
. ’é&n‘llEE e
i
i _




US 10,066,468 B2

Sheet 2 of 9

Sep. 4, 2018

U.S. Patent

o

A

£

3‘ B

R

wﬂﬂmﬂﬁ.ﬁ& e

WAL o ‘.#{..a._w? /

A
~
n
X
r

R g B T

T gt g gl g b gl "

g

=,
0y
it
-

i
L]

o

N
At

+

D

[ I L L L iy

i

FRE
[ )

+
o R =
L L N

L

L
-

SavoihAR
Ay l'\r":-l"l:'\"-ﬂ"i

o

] [ 9
e

]
i
-h kv
PN L]
By hmh Ak
a kb
L] L
. .
.
.

e

iiiiii

F"\
-

[ )

-."-,
L

*
=R a
“H"b“l
Ll -
L ]
Lk o+
J.b-"I
L

r

1
[ ]
-
a r
. -'a-
|

iy |
. *
AN *
atra
|u-“....nn
hh E]
L] L
A
.
.

r ‘_."a
l" L
LI ]
.'-, o
kT

A

|

"
'y

L]
£y
4 e

L

L}I

.1-"‘
L]

LA
AN
Lo BN I
s rdd
.

Ll
]
L“J
1-‘1-
L]

L
-
[

Ll
LR

.'l.
L]

r.A

F

LAl ag Tt ._

SN N

Wt

DD A A sl s

N7 8% 58
gy P
3 & & gge 4 o

p
| W . ; : sl

* i
o R T . AR AU AR A AR AL AR RAER
ARCK L vv..&.ﬁw A AARCECCAIEAT RS SRR AR AL EERN S AAEEERN
. s - :
__m, oA ; ;

- o . = L u ", ! A ] . : :
RIS PR i i 7 i
mﬁx\ o 4 = - v A A .._,‘. ;
b N

- -11 u_.m.. n..___l ....1... \‘11 Irr
. r a" w =
LV A S Y ; . ol o o g g i g g A a5

L !

s AL
. :“....H ) " ”._. “.r”.._.“.l." r”.._." r”....“.-..“ . ”-.“ .n”... ”r“__
: 3 i ) “_-__ ..-_. .q“ -.”l“_.. ”.._ ”..__”__”.._“.”.._u._.”.._.u-_“....“..-_n
: : : % h oy o LN ] ._..__..-. p oy KR -”!"..—.“h“:...-q-”.._.“-.”.r”..-.“-”l“-.”u_.”n”..
. ol g g F L S L N R Tl A PN L L B A ]
e oy Y e A A
% . ; F i'.. ]

)

i i.‘ + 'l

o » -

h\&# o, ; . el T 8 Ty - s . ’ . ik

Bl S SR A h E e s AN
[ L] -.i-.u i .__._..”. v ..._._ﬂ.. I ..__l...“__..q._..-._. . Pl gt ol Pdartat ..... ..__l .\.. - el o ) ! : . . - o LI u.-““.m.ﬂ.h.-.-.___.nh- .q-.-t..._. ._.L_.. Pl ._....._.._..__.._l.-.q.-l..ll.__.t_.._.
.-_ﬂ__..-_.__."_..___”_.“...u.-.. /. = m %L-a.__..h -.q._.n.l. H1“.....__.1-.-..-___._.-.nu-a.“..._..-“ q”r._.vh._-.-“..ﬂ...”-._..-.._..__...”._."._._.._._...11_."-_hqu.-._._.... .l....-.__...._.-._r..;.-._.-___.”..._-..:q 1&!-.%&“' ..._.;-__......_...r.-...-.1.7:.“__..1-_"._.44.;..&.-”.1__...”._.__. .._.u:..-.._.h..... L1ﬂ.__..____“u.-...."...“.v“.-.”_-._-.-”.-.._.._.__-.-..-.-.-. __._.-l”.._..”.._.____._n -.rl....“.....u Al .1_...__...__\‘-.._._-‘“ _n__......_. . ....._.1-__.:._.1-._.“.. ._..-._.._\__.11“ ...__...-.-l-w.__..._.__ SN Pl )

o o 1 . / . y v Pttt Ay " e r ot ! ’ ’ .__“
i i i i S S A, LRI A A A i S AW . s . »: . L
o i.i.\m___.____ _h__mm

] Mo i T
s n s :

AN VA SV A B SO I

i ] : i e '
" - r.r T L] d L Fl i Ay 4 Ak {mE.mwrs anw s uT EEC LA IE N | drd A d A 4k 4 a L e m h r L + E 4 B A 0 A A Bk kBT e i -
G R e R R e A e L IR L R e e R L ! . atat ’ . " W e e e e e T
] T i e R e i gl it T T it Nt o M o e S 2 L L L R s e it it g Yl Nl S S Al L ] W A e ok Y T, P L N e ] roE J
.H_..__.._ R R e e A R A A G e o et e e e e e e e Dl N R et M e e e L b
- v . A " - ;
. o S e : i i A e AN
- : w
A o : o a r at g ..___ it . T xp iy - P

e |
L

L ]

-.-
]
WA
-
i,
L]

-1

Hﬂ% "
" TN
.
P 3
L]
[}
r
n
1]
r
v
4
F
1
L]
-
4
.
1
T
-
T
.
T
-
[}
-

I-H -
p
.
4
%
o
'y u_
N -
o L
A =
...___.F o

u...._ﬂ,.._..u..-_n-__.ﬁ...-“.._.r. ..n_.n.r
s e & 8T

e e e

o .

NI b ey Y

f.__.“.h__ # 7 oty L

i __I._.”“__r.T .“.. m.w.lun.___.ﬂi.___li._lt__!t.._ﬁ.

LY

ol
QN\M\M oy ' aﬁb

L 4""‘-111"

, P O )

o

b e e
"

¢ “
N‘ﬁm M.,..rm -ﬁ,_
7% £ % d) w&

___.__.._A__v...__._"_._._ “ S 3



U.S. Patent Sep. 4, 2018 Sheet 3 of 9 US 10,066,468 B2

wTENN, .ﬁ .
. - '

ot Ay - Y

Y AR 3

{54
e
§ois
o
.

,:
%’%
5
L
e,
.
st
)
3

B et

1kl.

* ol

¥ o
e 3

M‘I-% g ::h
i E |
Py £ Y

fod
’
-

_‘J
&
e 00,

i %
AR

S
oA
JEI'

o
oy

Rt
N
:.I
»

& e
q_,-."'
" .
Pa
e
-I.""'.Ql| 1-;‘
SAE
&
i o
%
Dy W7
@ ¥ o

l‘.l
F

i"“\% N AR IR ?:
et h

E l§f\‘;} ‘H
:ﬁi A R A A T T e
iy, % i »

+ .}

E - BRSSPI
- AN ] 4

2
32

; .r":'p;:';’_.-'-' Tl

:
%

5

S ; Ld ::’"ﬁ"i‘
".'ﬁc
el -
o

[ 3
&
MN
-
o

-;,.

o5
_‘\.
L
%
o h‘
"
‘I'
L
Fa
.

55 15
g
:
ol

o,
bt

3

%
AN

e
K
Gt

L] [l
PR P I L e

.5?1
-u""
_rI'I.
+
ra
.,""r.
B T s
r
"1-
"._I-
1.':
"‘l
e
=+
|
r E
£

TR AT Wl

'i
¢
A
H5,

;
5
2

v
Yy rrrrepa Py g " BT & T
r ] )

IR §
E = ?"‘? S o R

e

Py
i

$%

41 r -

ot
5/%
g"'.
:
AN
o4
e
gud
oo
g

AR

&
v
s
4
;
%
& &
ra
RRIR
o W
\ :
-

E%
i
%

. 4, ~
. L X
i ! 3 w, ., : 3 :%
-."":J f‘{ ..3 ::.h - " .-4** 2 E
{ Wb LI - _;q.*-:.«.d-hi-.: - ..:: _..{ %
‘ ] 'll'" i"u.:._l .‘}" &*“f‘t‘l - e “r, " .
R g AR o s = k]

Hi h o E n L LS * _‘I,H:_:'I' "'-h, e __{ £
e e 4 " L L 4 '!IF s 7, "
ﬁ B IO - by % A s, w &=
* ) Y b A

B w3 3
g"t ] r,%
W,
5

a
e

L
i
.
ot
0
§4%

ka4 d
L] +
-
bl
R ]
™

Y
LI ! [
gt ., ‘ﬁ ,;1. Y g,
‘-% o . T . *a . "'_;’
% *, '-!"i o . - A
"‘:.- qﬂ' b :'k Ay ‘1.#
} ", oy ﬁu"' :‘H‘ir .
s bl . e ., . lﬂ:
:ﬁ- '\f“ ) - ‘q". "}# i x
0 , |

'u'.
A
o
-_.-"
£ o

v
'.'a
o

"ﬂ
x
"
‘.‘
r L
,‘-'tl
o
*
L
W&
o

Ny
s
Y
L

o
2
P i;r
=
a
[ 3
oy
[ A

+
LY
H
n

o Ay
% o ',
T Yy rJ"J,
T o ]
* s L=
A % e
* ~ JIQ‘I--
h
= ‘J‘ -
e "5.“-" “h
L]
- "
.1 1_*
[ L
'i"} rﬁ_‘

e

l-.h.;‘q“
3

")

n-“‘"ﬂ
1"“"‘Iﬁ
s i
£
L *
.!""f
-
w
5.2

'E.

I
I.'.'.
L]
o
1 L)
P L
]
_n'h
-
3 /
bl
-
Iy

e
L]
'
ol

L |
R R s
H‘h
P
L]
'3
g,



US 10,066,468 B2

Sheet 4 of 9

Sep. 4, 2018

U.S. Patent

3

,

: AANTARARER T RRRLNS X0 SRRRRE AN AR

._ LIRSS I I D, 1k SIS B IEI RTINS
¥, .- / w. . ! .i.___m.u_w "

A . m&..su w

3

A mmpaowy

- o
Ll

SN

- M
N L e

T % % FFEYEYS T AT kYL

o kA a

SN N A A,

T MG ol R v,

F]

V4

u ) » ’ . . oot vl T, - o i t_... -
% ol R A R S A s %& e A
.._.-mn .-._.._.-.._.._._..-.-....._:.-.q.._..-.....-._-..-NLI -_. - h .i.h r!iiﬁ _1. 3 - o .. i :

-
" L
N - S T N A R L & L R I N T e T i e e T T e i " e
L]
FAECES AR AR E R r N YA A AR A,

-

L]

- I I F Ry

k] " | ] 3
e T L L L e
o

W,

"
[ ]
K

& T

&

T A M F R
) y
Lt

. O

. A

'= ]

¥, N

A

*
LT I i L T NI

oL

-
E Iy J ; 3 ; ; K - ] - ¥ I 4 N LR . - z : - ]
A LR hh M B L LN Ao koh ok ML kL # ._.J._.l.._."uh....__..._“_.__u..._i”nu.-.u-..l_.-._-.._.:.r“..:.. . -_:ﬂ..-...- -.u-_l._.l.-.:.rlh:..-u_ql_...._!.._-._.u-_.- T T e T T T L T T T -_.-.u”.__.-..."_-.._.:-lu_l.._!.._-_.._ S e R M -_l.__l-.:r_-h:___q.u_”la.._t.__.__.n.-..-...l-:..__n._.: T T T e T e T L T T T S R M L e T T “_..- - .._.".__..-..-.-..-._-.:.".._l..n.._ B T T Tt T T T L T T T T e a  a e e w  e a e aae w
F N T T T T T e T e e T T e T e T T T T T e e e T T T T T T e e T T T T T T T e e e T T P T T T T T e e T T P T e T T M T T T e e T e e T T e e i e T T T M T T P T e T e e T T T T T e T e T T T M T T T T T T M e T Tt T T P T e T T T Tt R e L e e e e e T T T e e .
a i . ] o ] o L ¥ ] La o EE ¥ L] - EA Y g g g r e rr T A Frad gy e s p g g rr sy gy p L eyl s s rrg s g p sl armrppdddrprg A e r e rg e p kg ¥ e Erd s a s e d s er e ¥ Lr
) - + P ! ' ] K [ 3 L ) E | ELIT | L [ 13 L | L R o R M R RN .
x / - M o - - a
/ - ’l 3 3 W |.1 1.. r E
L B T D '
. * M : .ﬁ_ . .
B 1
. - ‘. U H ] 3 r . L
. . A - " . L.
3 d | - . J
& L] F i 3 i Ey - [
ey L T " " - ..w... N : ¥ ; ‘. - 5 o . P
et R R P ll.-....-l.-.l._....-._._....:.._n-.__.-q.._-.__.....l.-l.__...ul._.n.-..:...q...-...q.._._..._.-.__.-l.-.._ul.--.._.l:l__.-I...q..._..._-....-...._...lu-....n...u:-.__.-.-.-.q..il-..._!n-l.._l._.-..__.._--....r.-r .-..-.-ql._.lqs_ e ol g e P g ol gl g g R gl g gy i gyl A e o R .- A4 AF s FFCFdAFD __. C e A e R F [ ¥ L
WL AR L R - Lk p Pl e e e T I e i I B e e e e i - WLk d d A Ak d W ke F Lkl dd ok POl 0 I I N e R e S i e i I T T e O O e e e e el e ) Ak Mk ke e ddd A d Ak d ke ddddd ke kA bl L ddd A b b b b dddd ke mkx kA = dod kLA
P A e -.._..-.._.. Tt -.._._.....-.-_H.__._.._.:......_1..._.._.-_....-.-”-_”.._.-.._._.._.._..-_.-._.._.:...-h._..._n.._s_.._v.__-.._._.._.u.__.-..":-.__.._.__..__:.._.-h._.h_..._.q._.-.n._.._.._.n...._.._.._.._..-.:h_nh._.._.-..._!l__"-.-.._...._.._.._.._..___._.._..__l..:.._q.._-.l:-_ -_:._.__.h._..._.....__.1.-._....-_.-_1.._-...-..._....._..._.-.-.__.-.._.-.-....._1.-__.-.-.-.-._.H-..1._.....“-.”-1.-1.__1.._111.._ l.__....__.__._.._.._.._._...__._....“thml__..._-_-._.._....n.-.._.._.._.._.:._.:..._.h__..-n.._-.l-n-.._“ru_.n._. . .-.._-_..._...:”...q.-_._..__._.:._.._....-.._.._.:.:L.-.-._.._._...._-l-. -.—.._.._.“.__._.._....-.._...-.1:..___.._.-:”._. l.-.w.-.—.H-H-._..___........nhn...__..._-l-....._.H.._.-.._.._.:._.:......._;..._n...nl-n PN 1-.-..“._.._.._. PRy
n“.-_“.n._.._..-.._ Bl ataty ..___....-_-.-n.._i.-ln“.-.lhlh_- "... W “..-hu. Tatatsta .._-_“.n-.-_:._..-.__“...-h.-.._n.._n.._n.._-l-n.._.__.-.nl.-_l.-“.__u..__.h._.uH...--.._.__._.“-..-._.:.-.-...:L.-hi.._.-l._.l-.......n“._.n._.:._......_.:._.._.h._..-.-h...l-.._. 1.-._..-..__.-.."..-_.h.-...m-_”.._-n .._“.__H._..-.-_._.hn.__ﬂ...n.._-_..._-...-.._-l n-._.Hn * L“h._..__-.h....__u.._”....-.._.-._..-._.H._..__..H.._.-hlh .-__.h_..._-nh-._. n“._..-n._..__“h.-...-l.-h__l-.n-.._ s Bt ...1.._-.._.-.__Hn....__._..._..-..n...__.h__....”.._-.._".n-.-.“nn._.._.nns.:..__.hn.-nh-.l .._-.._._..nn.-. ot -__.._-.._"._.-._. .n._..-._-.-_-....“h....-”.._”...__.._-.._ PR .-...-n._.n.._._.._.“._..-..u.._.-...
PR e e s e s e e T T e R e e T e e T e T T T R T A T R T e e e Tt e T a a a a  a T  Ta  T  a  Ta  T  T B T T T T T T T T e T T e T A T T T T T T e T T Hr Tl T
- P e e - N B N R R R P L I R e e N I ek N m o e s b my ndngmamad s m g e rpaad e dhr s nygaandgatrr e paaadh ey s . D Sl R i T R ) Am ok b hnn g ahd g b e F it I i il e i et P R e g At
P A I A AT A A A e L tl.-l-n.-_.n.__nnul-...l.lh.-q.-._.h._.l._.:._.n.:‘.-l..._-..._s..._-l.__......._.-..-1l..|._.l.ni-..._-.l-.l.-.._.._..._.-.!_-l K F b T T N A T L F I A P P b Pl I b AL, B T T T L T i T AL RN
r J ForEad AT A R A R N N N A L N A N N T T L L R N LR W T T o A N N PP T A A A P AT Ty, LI AN N
. LI = = = g 1 ronr : r N L LN N LI ] pr H A rAas B s s et 1 Fdf A FT AR B 12 A FfRrRFrEr I AN freasfroedrFs 4 18840 80Fcy AF ST T FEIFT
. . [l * L v S E
ar s ~rr L - 1 Farr - . - .
. . r jr A * ] P N E . e, B -
- . R | ¥ L H N L)
Y x . N AR I FF A - W
.lw..ﬂ. - i 5 ok - y " - d WK
' - :...".._“.._“ . ” | .“ = . .._”.._HIH.._
. LA e [} T
. " - iy LI.I.-I ! a - = - - -.‘-i‘-h‘.h .
! y - F op o L] LN -
3 . .._..__r B . e . L,
] . ] P ) i W
iy 5 . uwun - - J ik oEy " p Lo
) . Pt -, L ] 1 A RE
o ! T l.-.. a . Il r .._.- ) r.-
* at_.n._. . un.l..u 3 ¥ododh I : > e
. .ﬂ.m.,. ) L LN ¥R ” -.__“._.._..-.._.
. ) .m.m 11 +TaTa"a F-. 2 A L .n“.-....
1 - ax » Tt '] E T
d . . 3 - 2 . s
1 A | T aaT ; W, . E s
r 3 ] ] h - 7 3 Ot i
A ., LG EF &) ; . AL
WY i : " 5 : B
) .-.t_l._. et n e ' ..__ L ! el
» g " F Wk N L ; N
- = - - LI r cnoy A LN
i i_._ ¥ ol L - L Ll N
uti r e Yt ’ 1 0T
' K" [ . D et wara ’ PP
. h F ' L i 3 . kO - . Ena
- 4 0 4R 3 ' ] - o i ol &
'] - N g -“.._:.-.__.u H .._1l_._:1 - ” .—_.__-H.-..-
3 - = . o et 127, . P
r | - ] __...-._._...._. L] -.-.l__.__.l : % Nl
) g - - 2ol " k o g i o]
- P&!&. E B r -, 3 L L ; . L F,
.” ry L +N .—_“.-. F LI
.H.l.u. n * e __._.:-th Tt
r [ A_F = - i ¥
') l_l.._._ “ - B F By St
y o - B = Ty L P " e
- a L .‘t ( 3 Y P P Pl ity
-~ + ¥ R A A" Tt
.\..‘ .- D 5 P L]
H PP At i s ] ’
!

jhb. 5

ity AR S
-_.“ 1: * . .ﬂ- ] N ]
_....._._.....__._w._w. , .n__.__._...r k L 3 ﬁ.. E!

[,

uhﬂhﬂvn.!pﬂj_ﬂh..:uﬂﬂ.. , . . . . . . . : . . . ; P ] . i ) .. - L A.mu. ”

..u.u.___}__.u___” ! i " - . . ..... , : . T . k .. . - B

v
o gl ol e o wr.r.rrl.rm

o A R T
AARY IR AR

e
W

g.ii.,
N

Al o ikt g o i A e ! XA
b LA o \.nww;m......ﬂ b ol v Lonp st B
5 ot * = ..__ﬁ. ....._f %Hft&qﬁnﬂwﬂw. *...__q .._“....__.._._... ..

x}l

bl

T LA

o g
s

3
s

3

Pl

L' S &%
3 &"ﬁuﬁﬁ e

|
A
M

.,W
F
&
=
]




US 10,066,468 B2

Sheet 5 of 9

Sep. 4, 2018

U.S. Patent

A

e e
e e e

%%ﬂz%&.

.
4 n - -
b smbhkawsdoewsbhsad by nw [N LY
L% LN LA |
A e
X 'y L}
T Fl"'b-l-
'm &
.

[ J
_'.."I [ I..'I_rﬂ"l. \qi.r"q: J*ﬁ“
AN

-]

L
L ALK,
LI L

LS N ]

l:'l_:l "ttt

NI
LA TL L N |
l-.'l .'\":. 1-‘1 ':ll .,

"n"'f..'l-;"li'

p

h ‘. 1 .1.{.-
% .__...f....._.. R + o hd
..v.ﬂ.ﬁ.-.muu_. ‘.rf-.‘t. -.-_.__. d_...-_ J__..-. -ﬂ.-f_m..rrv._-..r-..n_a-.- .n....n_"____..._.‘.-. ¥ ..‘.l L
NE A - ¥
A R R R R N

£ 1.x |}
- “—e\l—.‘“_. L et L T l..__i._" .I.p.i.v...l.u_r.ul .__._...

ccuhld X A

F

%
<

] o
Pl Sl

hﬁ\tw\....ﬁ.rﬁ -

T AR o

3
&
ey

y

TG 20



US 10,066,468 B2

Sheet 6 of 9

Sep. 4, 2018

U.S. Patent

S

'y
L
Y
[ Y

3
iy
£ I N

2
&
'b'n-

r
Ll

.. .... ., . ‘ .* . :

s

i

' ’
«
Kb
L o
-.H.- k.
-._..1 '
S
r, -
=
¥y
i i@ [
X . "l
» L L | r 3
5 i A : L [N . il r
k" Kk ' .v_..nr..;.._.-..-l.__..r.._.-._..._.._.._.l....._....._._ o - __.._n J M e .
| R e e L e i #ha e G
] ]
A I i e e I e R B I I e el e N DL I i o e g e B W ]
.._n__.q__l-l-.qn.._-.1-.|__...-.i__i._i-.i__i__.__._._._.....-_..__.-._....__"-!...+-.—.-._..._......_.__.._..1-...._.i..l..._
-..-...-_1._.__..__._.._.__..____._..-.._.q.__._"._..-.-__".-.n-....-_._.—.-..._..n-.._-._..—..._;.__+.__.1..|.....-.-.1.._1.._...._.1-...-_1
I L L L B o T B R B T i T e e PR e B B ra s e mra F |
P R e L e e ) Pl il Rl L L R R e i) resanqgryra fALP A A RS ETELE A d FT R
ey s s s w e m ..-..-..-....___._..-...._.n__.-_......__..-.....q-.v.__.._.n._.__“-._.__...-....._.-_-........._.........._....1.._....._
.l.-_....-_._.+.__......1.............;....-.-..-1-!-.—.._:.-i-_-._.-..._._..r-.._._...__.._._..h.._._.hlh._..._.._.._..hn...-l-
L N -l__..__-rt_.._n;.;___._.nm..n...na..-_._..—..-lh._.l-.qlhll.llﬁ-lhl-li L] -...-.--...J...;....l-.li- T L
- - Ly . . . .
TS . o T T T T T T e e s

-

L 0 0

L
]
4 J
e e T

L Sy D R L R R e N N T

] ; A .
3 2 b4 1 X Lk bk Lk - E I LN N N .
e e T e T b L el T T e e S o e e Pl el . y

._...._..._.i1.-._..__r.._._..._r..__._..__+.f+.q:.|..._r-._.ur...un._......_.".__..-._..n.....____..__._..-__.._.1.1..+._.__..:._n-._..._...u.u.q.-.quq.._1ir.._r.._.:q.n.__n..r.._++.__..|...__..|. ok kAR KW F A m e e fow o R TR dor Eon g ko A x .
[ £ - P N AT N U e e AT e R N R ol 3kl W E b AL Nk ok b kS m K w e Kw s ey T F A e N ATE A g e e NN B ek . P f

o~ o - K N o N W RN N N ] .__.ﬂ..._ .__.l.-!_..n.__-__.l.-.iu.__s.l L O __..-.__H!.-n_-uh.-_l.--.u.r !i.r.!-.lh...ﬂi-.-n.-. rh L} r-ll I.._n-..-h!r..-i-.;..-.__-.r.-.____;.l L I l-r i kA ..lli A ..rl.- oy 1.1

. - . . ) ] I i T ]

- =l o ot . - ¥ S Sl B N

- oy pou i T T o ] -, d

]

[
1y
.t
=
A
"

-
-
L]
L]

SN

A
T
1
+
-a
+ e F
Py
LS |
]
Y
-k =

" '
'
oL L e ._....._..‘_.. LA l._..h. 3
“ -.-1‘\ Wt S
LN ]
e
-\“‘ P, 2
HKAHR
i i
e
) Pttt
..__-.- Pl
AL
¥/ SRR
EREE
£y rr-or-
PR
rEr -
A rar- :
734 P
r
A Ayl o
Aok 7T
1_ - .@
3 K. LR ) )
L SN - -
E £, “__”._...-”._.“ ' !
- +* e d e
gt Cg
. .
. Aottt ;
bt i
. EA T
. RS
L
P
Akt
* PF
PR
- ny n
N
™



U.S. Patent Sep. 4, 2018 Sheet 7 of 9 US 10,066,468 B2

. A
§
e
" 3
. "
x, -
LN
-"1‘ y T ] WL A “' -ill..'-i\-l--‘I'd-l‘dld-_l'rl'rlr'-JI-‘-.nlﬂ-ll-l-l-'Il-ll
. 5, A T " W
: : A N 3R
A TR g 3, T 5
S ‘11q " _'k"'-.*-_ o 4\\ g ]
. I }'-.\' "'I.: e, - ™ 5
W :':1: .:" l" E 1"';"1.. :.*:'. “'r. ! L + om
bl - LY S N
o = 5 N
iy - r-'q-. -:‘l- I':‘I"'l-.-l "::. Iu: "% '
A e i
L . - oy Nl Bt k
. -p_'\,:-. T a"‘-,._!ll_“ﬂ.:l_ ':
h‘ ) .":‘ I~ o N !"'I\:'-
Tt L T W K R :]_
1:1-:1- Ty r..;:‘ MR, -
2 T . o T K
ALK rr: . . a:*:*".. :. F
s . ¥ Naetal ety N
e Ap: M M Sy e L
i L d . o, ' rl-""q:\:q.:i:t:t: 3 -
N %
WA X oy
S p e Y

s

P
e

o
A
L] - L J
e
marm T
e
N F
&
£
e ¥

R iy ) i
B T
LI ] L l"h‘
e R ﬁ::‘lb:::::- ™
o o el
. :

".-‘.I'i-ij
L ]
vy
a2
w1
Fr ]
L
E
_.;"-".:-‘_: ;
ey
N e e e Y
At e, "'-I"I:
) }/.-
[T Aoy
-I. = 4
.
] H 3
] i':-r )
[

d
-’
i
]

2
l':l'l lJ

e e

AT
rl-:!:l-:-!:l:ﬁ:l:!‘ e
P
A IR LA N

P ' T al‘a J'III
r

e

a1 . ard g

4

L
R
Pt

g,

e

o
J' r ':ﬂ.flﬂ‘fr‘*"‘ﬂ f

LS
" i
: - ¥ RO
- wr
L lr:-h:q \rﬂ :,:'!11 i:‘i,:'l-:
L+ 'y Y
' a '
o oy s ATt
- 3 b'l-' b, ; L% - ) iy ':‘_
T At e e e T A L Ty T T A AR b A e et P ot
O AN N ":‘ C:h::l":-;- O ":-‘ T 'l"'::."' R e |..""q:;|.- Sk ok ko
R e bl wa T i o o e S o - LN
T "‘-:'*::l"'-‘*:v.*.'-.*-..-,*.. e S T L T N
r k4
N o A e T
b % P Tt l|.-"--"'.|,""'
1y LT 11‘ . “‘-.‘tu A 'l|_|d||'l|-
iy L
c b "'!.:-i-‘| ) .‘| *l.:thﬁ.‘:.:ﬁ"l.r
3 s iﬁ “\, -l;q:.l_-h L
Fa e e e 4y Wa- ! A ey, -:."I:"i-
e ."b‘q:n."-i"."u-"'.' o 5 T, ' = .i.‘hu",. _
e ey 1-1:*!‘1*1.*-_'1*! ., - LR,
e e T T T o e e :I-\. >
u
]

St et

1 !..

T
T

[
Lo

NN

I|':.-:r_
L
|
]
[l
Eal ol e

a
i

Tt P o T
T R
- ¥ :-"!lll-":.l'r"-' how b
!J

B AT

. S .
Y L]
o, L
g - L
e 2T "
'\: ity L 2
. "1 q'!."r.." B |:+
q.‘_ i) o
- n, .
by T o
a
o e -
e e 2
el ey ey
LG M U Y e
R ) -
Eq. e "y T -
Pl R -
e + Futet L L]
] -k ]
) ] 'y -
. " P '
1] }" :+:|. -
iy T, . =

o
T

*

o

i
g

o

w o P
L
-,
'

bl ﬁl‘
- ]
ok A RN TR
Tl
-
E
e FarT r.'!'
K .
A
i -
L]
'

L

=
* % R T

=
¥

L]
=

Lk g

Sy ":-

M
. q.l' &, b %
: _N r
. n, Lo
e X i
. - i =
- [Ny .
o . l.r"ql
:' e :‘: " i Pl Tn
. "y et p.:-: r S b
. “aT e o
i L L e T
. 1 ] n ] i
.- "y = T d
s + Lk !
- * L] LA
e + et Tt
) L o oy o~ '\;"J.:"n."'
- L
h o E o L B,
-: i:" y 3 Pl g, L] L] b-l-:!:r.l:l-:'i:l:h_
| Y F ERCE L T N o . L
N b . £ - ]
< P m.ﬁ-‘.m b ':-'i_.ll‘ _.1,'!:""! ko
b - s o g ’ W oty
o ' L) i Ly oy | = e
- 3 'y -.:- L:h-* "':."1.-" i'l"i-_"l_.l-
:. -H:q L :11“ *"‘-, - '::_11
LA ‘- N W 2
: ; iy W By
. ' = . AT L} o
. e L - ."'-:,“q: !
L1
:' y 'l: Y
L . .
3 I
1 )

-

L y - - .

- m r o P

AL

" N ..-,rf:{ -
i halianh ook 2l ok ’
At

4

4 d F

L

L
[T

T ¥ o
Fy u ol P
* a2 VU Ly et P ) L

e
I'H-IJ

+ b m hhk b K b th'l!:i.:::‘ﬂ. . g .-
LIS N S L -, AU Ty B 5
ol h"q,"h_"l"r_" _"a_‘ n _‘1‘ '-,"'_-_"'-_-‘- Ny q::'l,. 2™ .

i -
e iy iy i ey :
AR L RN, N
‘- s 1‘1-.' R ~ 1‘\":'«-‘1." 1
h i PR ]
: o, i ISR, . _
RN - I A
. X BN, e a _

] "* .l‘ y ‘_:.':' - ‘E L .}
. L] o - '

N :.': ! '.:-!:uq '~ - "- J# "‘
-‘."} P N LI L i ) ﬁ .
"} L . - ar o] .L‘_'i-#’ A

*&'i?’ -:- X I':T_:l » ; - . "“'ﬁ'h : m
i r l‘:l- 3 = Py : ‘l:h
1l e ., A ah . "
. e e a4 i, - L, ) aw M
. LG LR I B e - I|'l|-'|l"'l|---"-"'-‘I'i.:l' "q ! 4 L L, - :’
w op b -, 2 .I| 3 o Sy " H:i-:i. A 5 -t B o N iy i .l'.:::hi-_i'a::"-:.: :E |.: L, :i. - L‘M -
e L N R T a T
o ." [ -m-rilih-:-rnhhni-liﬁ_bl 411;'--*:"- t‘: .'I:_'::h:i'r "-."'m
%

s
FI'
-

-,

-

+

T
r
r +
r.a
rod

[
r
L]
L]
r

e T A N A ’\:‘E\ﬁ
i

A% &

a4
-
-

I‘ilﬁ::‘:::-qp '.:‘- .
D
am )
] et :ﬂ.’
, AR Ve

)

-

r
',
b e,
Ml ek L E e
/”-/ i|.I|.. Lln..!;}iiui,.l-I:J -
PR g gl iy S gt
L N N LR U N
=,
K
L3
,
r
Pt
+
e
e
+ PR

L )

: il Tl el
Tt "..'-i:lz:i:l:::i:i-
"mi‘
[ S it ™
_.."‘u"'..l","...".-"."'-.':-: At
ﬁ-".* L .

glifat-”r#ﬁ‘ #ﬁ;ﬁgﬁﬂr

&
e
A

%
N . b w b
® L i - . r 3
1 ; T - & " :: a A ", B 3
4 A 1’11‘- A .:.1"' |: o :‘. #"H_ q"'-."‘ "':_'::"1-"
x $ T '*-I'-? L - - o . " Chi - s :i,hu:‘l_\'i_':.‘lr
- ", N A w e T ' _'1.‘_ 2 . et e
- [ ! ] "'.'. BRI L < *:"\‘ O
. b - ™ . Pty A * e
"\ -"IP ﬁ. b LJ - .l : L] " 5“-‘ i
oy X, *y 1.4 ., e e L L
3 }-t:%{'“ﬁ RPN ' Yo, 3 % s i e
YhG X 3’-‘*'\3' T N 3 TR ' - P, s AT
s ;l - ] wy .y N b ] e " . M
F, g . b " E L L
Iy 1 L™ ] : Lk ] 'l'r‘_. : % Ll L
e ONE LN RN BN =
S T , . L T ) ) T e o
3 - * . -I-". - r] . \ l.‘l 1 iy o Py ":' q,._ﬂ..l..‘_ :I‘
h} ) e . Ty b R
- ‘{ -i"' Sl K :L"q S i 1‘].,."' Pl -‘i.-"‘-. !"'-"r‘i"l"lq.":-
Y, Feaenoety P i W R o A b o ey
S 2 Lot St N BNR NN
4 ¥ - n - L, - L Y
bt = ...-"".“11"'.‘ F - ‘"u' K ¥ e g o ":::_I-.:-:-:h
I ] q arr . L ‘: :-h: n-: . ‘\,. 4_"':_'0‘:*:
¥ P o Py L 4 1 : iy
T .l X T "

N

*
1

8

-.-“.

]

+ i T FEAF

P N W Y

LE AL AL S,
25
B
e
Sy

o
r .
'

X

g e v
T R W e
oA :":*:'1'h'" T i e e, ‘: - )
e,y Ty T e !"'!.11' A l‘-!?l - AT T

S F 3k

+
o
o
¥ .
'a
T
3

-

L

-

’ 8
g P o
:.:\l:i:l.: :l-:-l:l:ll

B ey
Ly
i‘-
T
.

¥
-

F.

o
L
'

{: " ety iy
LI I Y r=
h"q' R L
'-,|I| .+‘1..-.-Ir'1.‘-uh-|- LA
:‘h Py e M et
- LA ML N ) LI |
" C L R 'y o
gl h .F"\.I."‘."" -H-*‘
i _d 4 , Y q.:‘.‘q..
u - - I P o
hl T - iy | K e L m_k e This
" ‘ "’l:"l R R g v L LR W ]
T, T wt " f.‘ y ‘1" h = BRI ) ‘\_‘bb
r - £ el
- TN w* ..,{ L AN ot
i;; o, _‘..-.""q.l."" 2 ' _-l"',.‘ :k" 5 \ r et
- '™ ¥ . 2 PN ® R Y
.“'.';,\. o - gt ﬁ%\"l "oy e W r . '_.‘ : _A..‘ - Nk
by e, oy ! ]
. | - d 4 ':. - "'l'r_‘.h'* Lo iR . J? ih .I-:. -.-‘-.‘-‘1.1“‘-.‘_
J - Rk %4 R
. Q(“ “‘“ ; Lr KR
e b P el e N ey LA '_i:k:.ﬁzn:n:q:-."
Seariiesise o dpgaRr
b ] b, B P P N RN e S S N N |
o ey Ty Bt T T i A
= . T e Pl
/ ra i
Ry
L
e
. r re
e . '.b':+.
: ) . . . "y
" T ] . :l.:ﬁ
- L 9 . e
= . \ N N S e R
Y ufy L
" = - m
' Y e
‘.ﬁ N Pl e e e e e T e e IR ,:.:.,* ™
. oy
-""'l ", ‘:ilbl-
- s (g
. a N
: : 3 NV
. Ty -y
in ) " + e,
. . - Y Y L
- . - iy b
) 1 - [l ':‘ Pl _".._".,,"'
..\I.. ' =~ b LA 4 e kW ' w
L I Y -
w "q.h- " = o an SRR L L
. ) Pt e Ty "ty
- 0 e -
A i ke xoar
-4, P e v
o . how ko ok a
3 Fomeomaee pi ot
- R L
B - r = = LI L .
", ¥ e . . . v o,
%" = _a" " L . o
- N e Lun
~ [T Y -\_,!"'.'._..f e Tl _i:: H:J._-
b . - - o ] T Fa Ty
v R "y, NS oA R o
:',p_ Lo "_.,.p:‘w. OO M L e
- e TaTF 4 aF R L] R, o,
L vl l,‘.l..‘ - i e l:l-i-!: Y P, k
I A A N s P e X -t
) Y % gt i "'1."“"' :‘h‘. " .
[ b 1,,!. e Y b ) " Lac "\,q-l.*i--r.'a- .. X N
- Pedd Dl 2 Ve ;&
-~ LY
K S e A
o :1," * Ll :]'
L h
'

= r o

3me
v
f

n
L

A
iy

L)
rr' ?
] ..l'-:'..l"l-!,.l ': k| ! :' s r
s i-"-i".l ] -|. )
e [

" g ot
."I'l':t"‘:_:' |
_-.'ul-:lp [
l'l-dnl »* F P
s
Ly
l"lll"';'n:ll-
*t;{"t; “

- oy .4_._-: ] 2-
: s - g,
-, Tngrrenan N Ry s o % .“‘-:::*:"::L : e
T, Py +iii*yl":‘:-'aqlllqr1."tm g A a.‘_.r.-:‘}-}i-. AR g ommom my kA A kR R R . i--|l|‘I
- . w .. L "
Lot PORLEER o Spteanie N:S:f:m h‘ - m‘m e
X h .‘Kﬁﬂ:ﬁ."l+.‘_|hw.""'.:,k;- . . :!.F‘H 4 2 . oo Rttty ._4_-_.-.. L LT N, MO,
"




U.S. Patent Sep

o

&

k4
N “"‘\

-
L ]

Ly e ]

g
.“,‘
aFna,

“

s
o
:

F

4

)
[}
T,
r#ﬂt:

ool i’
b

I

&
ﬂx @{\:? A
Ao S e
1 1 A o 2
\' "y
W, ) :
\}E l\ W e A '1-""1.,..
:'-L'-q,.-."t L N
. P - :
#E\‘ b ‘:_ﬂ . \'F P e et oy
s i gt.
. -ﬂ:’h . . 5, }‘ k
*'3%‘”3?%3% -
f# -'.w. H t‘x‘m}‘."ﬁ rarygmprlh

_"{; E
Ex

'i{i"l‘

S

-

#
F
.
r.
e

-Il_r.ﬁd‘:'

)
. ¥
ar
ER Cx
A M +
n bl T P
o K
ks 4
= E]
N LA
- ) ks

[ ]
il T S ot
N K 3
ke s
O N r\
L ) "!u'l 'l"qﬁ.
= L
aE Tal
L BT
W . 'q-:thl F-:':E
2 1e 3
1"-‘. 'i'q: A
"-i_:i-:n. r :h \
b il L
o Sy, Yy
A L - "
s n M,
- Lo
LT v e i -
-y . r "5.- "
h ¥ T AR e L "
P , - » R *
S ] i -~ .
1-:::-:-":" hh N Ut 3 "
T ":":":‘ H":.i ":.,:' 'J."I__ "
o I ) "W ™ WL
- s m R LR " :ull_
T e ":‘. -y
b'- Fl..' ] '-‘b‘.‘ L -.“I .? "':'F
Y L ;
e o g N
L) d L]
T .:Jl. - - [
[l N e T ", . e
LN N et - '5._'
e r-l.q . '—"'r- " - L%
DNE LM ! ", A -,
T ] = n"n 3 ‘\. "'-:
l.:-l. :'i-:.i :i: L:-l- 2 : "x T
L L AR - L . 16.
e L) . F "
" o ELT 2

.4,2018 Sheet 8 of 9

"
. ™
2]
) g Wl
L 1 -y
2 A or
. i " T - r._- L L h_lr-u-ilu-trl'l-.qqq-r--il-'l-!lﬂl:'_:h:'au'll L] - b
L J
o h:i‘ 4
'f- *r.v:v: b,
] ] PN e N N R WL L U R N Rt L N M l.‘:‘i'::_‘ \ -
I I E | I ' |!E: m"n-. Ih' 'Ihl” p,";"- = s
- TN I R S BT I Tl M LWL A A,
S o e e L L L H‘H‘T.‘l-l"\.!-ﬂ-: il L .
W L R R e el k
"m, 1'\-._'4 L -.*'1.‘- "q‘-q.‘h."'-.‘_::‘rﬁh.‘ -I'hll"l-‘-’ﬂl ":-.,. T T i i_'b ; b ; Ii
LA 'Q.
L] !.".l' ..i‘ :E.id
] L - H
* . o RN
H * + "Er :
- .
T i‘ . z:‘-l" . .

hu 1

el

T
o

+

'!

!
[ 'r
e

r

. Y
P

L)
-]
T
i._: v A
- 2 Ll |
. F - " L] .."
) L ] L] 2 N
-
/[.%;;-
o .
L ] L ]
L ]
o L.‘i.b'.lr}ij‘]‘ ] F.. N

; F

]
arh i '-.:
.“.l"\ -‘-'
o e b o
_;-." o " .:_-.- L
- F‘ ¥ B L]
L] # N "i e R
oA 'y +
T 4 aT
PN "
nTTr *
) -
] .
nn -t
- ok
LK . -Ih
W 1y
! n a
) s i iy
' e
r )
i W -
- .
g e I
:«.:_-'I b :!.ll':l 4"
--t:b :‘-1 ':l-. .*
s h, M -
., g e ..l-‘_-\
R -\.\_\
nw e
el
l|: l-:-l- :---Il
AT S
N o
ot L? +
-1.: l-:-l. gfri_ :‘-'
.'il-"i "l.,.. _‘.
-
L) ()
L __::
"R
u"i."jll -
. R, . St "u
[y
wta
]

l_'_'l
s,

o

NN

-
groehverisgnnotio 3
P e e S A LI
.,"1," -"'-q " l-ll." . "t"n-:"!-"'l.' r i
1 "-'.:\:..':h . .,"u_".:"'{i_‘..‘i‘ Saht :_ -
P e L el T B e B r

'y .
rJ'I.'J

b
i iy

L]
|

)
B
oy
"
-k
3 ‘I‘
L8
ll_..l' _|:
L] LN
Tu P

L
2w p il .
im= -2 .
Y X
i ‘3;
O ] -
e R A
- f
ey, . et
W e, . o
::-lIr ;. -:-I Jq‘.", f'c_":r w{
"o o T : J‘}
-..:-..:-. : pLe ;. '
A S RN NN ”:
'1'::;' - ﬂ“&, - ] *Hi';__ :
(o A ., o
i :.:q. " *;TI_ - gt
I':': '::: o q:‘_t. E Py ] N 1-'1,:' . .
T 1.l. "". :"'l .
'm0 m _ ,.:‘

P e T e N e ]

o

-

iy

| ]

4 +*

T

- e -'-u-lt‘n-'-':n:- )

- l"l LR NN

e sy fun oy m
M

A ! Falla

’

oo W,

o=
q“

. E T L I el o
Y Ly W .i:l- S . "'H : ) ‘
L i'. o
- 2 nt
L} . ‘m '- h '- i -
L s L S B '
) o wlied : PO R, R R " DAt
' K 1‘.__:-"' o |-'|.+'|_".|'l-rl'l*l+-l_"l-+lll-+'i-+-i.l'+]_i'l*l_":.l.}i-'i:*l'-ii.‘l.l.‘l‘i.ll. N .‘ A= -I'-. 4rh o Ta
? } o f Lh* [ ] r'.J e - - o r.; ":i:'.:l:‘:l::-:I:‘:.‘:l:}: - T '-.‘ 'Y J'.q-l' . .
. - 'f ;_‘ e e p.-.*-.l_._‘n._l. R ! : :::::'
Eul L %, W ¥ s :
T : o i ops
" R - ‘i ' - o ::::: m 1
-\,l!: - x .  m_F
AN A %{. hok ¥ . via .
. 1%y - L] y > m
b ‘h&% ] W i A o A
. % I I ;. ' Taare Tea ' '
. w\";k G A AANARARN NV ARMANIARATA RN Ok AN haotes o A ™ "i
) . 4 wT g : e T b :
’*-‘:.‘:.:5‘ Swpah Wi : 'E'.'L ¥ A e b v -
e N N #3.} 7 LS e ¥
. 4 ; " E . At LT :
T S R ERE ST KA i s, ., S =
b :‘ wr ’.‘ L Kk Ay R
. ' L ]
Son Xt | R 3 .
)3 A=t . Ay Tahal z
3 e .
v LI ]
' LB T L] .
. 1 - o -. -
3 gl i %lﬁ"%
) L - o Lt
oy e -
. i f‘.l‘-‘i
. Tt
3 S 73 ) £ e
o~ '-w ey 3 g -.;--.-,-} . o L
N R A ' 2 M e e '
4 ‘:-L"*.*-"' .
-."l" +'
Py E P T 7
3 1. -
l&. & . I"h'f-:‘h:. : Hﬁ::tnj a_lu-. ,1-“":' i :1‘
“"t : :h‘ . ol - L]
e % o ; }‘-“‘f S ol o
‘%, ot . g -
LY, S, m = .l Fu "'l.:
."‘\3 " t a ‘_-."'1 - e n + N
H_'“_ M‘F [ t'__ ol o ‘ﬁi :‘-'l'::' im d :E
) iy Al ) "
. A — . Ml = smxs - o
. _ . LR MU e *_‘bt..‘i Iy
S S R g e 4 %
THTIER e PR RS :
] . - o r
* {R% "h;ih--r}'rr--q-lqi-"' -.--1*-":'1-4%'-.1-11;.11'11‘1:1- iy
oy B

R

US 10,066,468 B2



U.S. Paten Sep. 4, 2018 Sheet 9 of 9 US 10,066,468 B2

oy

,.ﬁ-'

"-_."H

BTN
A

=l m kil h AL |
) 4,

S O
; Y

H;l.:‘;: k¢

?*.:"‘

[]
] )
- a0 e e e
k 27 .,tl e T e
L el

[ Fa
E |

Ta ‘u: i: '] :.l':J:-:
T
TN

- -
g.

+ - A % d = A A '.a Lo S Y L)

A N

LN '1"11 '1"1. '1.‘51."!1!:'1‘5':1:1.!. 'l."'-"l: 'r._- o=

ey T M B By T P ™ S h‘b,‘J.rt_:‘
, . . g

A A+ d W

LT
T

.
ol

g e g e . S e G NG o
R R R R N e e Y .

. - e n e e Ty T
PRI b e b

n
=

h

o

L

T T
L)
o,

A%
4
+ I

s
A ﬁ:- i
-5
“r
:

AT
lr'l.'n.-ll-r-l AYET
i O )
= m p F ey

'l,q.n'

Mk ...:_..:," :.n-:-l-"
[ []
s
.f"“
-
UJ‘SL
,,."i
&
:,’F‘.
y i
. xir!.'l'a
)
R
o o o,

o
F
W

£
| 4
i
L |
L]
Ll

"W
a
“F - N
[}
&
ol
4.“":|
_.'_'I':
.*"u
8
ﬁ‘
ﬁ-'t-b
o
P
1&*‘
tl""I
-
e
L -]
Ay
!-"‘Ih
ek A
%
F
1.;%.
-

W
-3
L)
=
]
A
L
.'h
L

2
2
Py
fkf

L
4
o

Hh:'lill'l-l'll.l.ll'

.I::-I':-I :'l-:-::.i::l
ST T
U
Arm -
*
']
-\.I-
o3
A
.5-"'
4
L
k]
;ﬂ‘
4 :3 "5 ;

o
-~
[
LA A
A r
i

A
%
frud
g{;

A i - ]
ahoneDas
L Wy
-

T,
-ﬂ
L]

&
-

:,-:.r*.*:,','

L)
[ ]
[ ]

ks

Pyt

>
-+

L)

o - L, L AW F oy ,
"!i l'"l'.'l "x "‘1-"'.-"1 P e ‘!:'ri wariw'n®

I:J
rra

»
L U e o i e e e

L)
L}
-
»

o

T
[ ]
L

T
o
WKL W W

i':l
&

r

* ",
N T T T e
L) e D
] !_‘1*!- 'll"l. "y 'l-"lh'l O] .1"1- L

RN

L= -
':"i' i
M

A
[}

A ¥y
._I-:.I-
i |

+
L]

L,

L

L

L B |

T*J'..' L )

)

Fa =y pF§E

-+

L N

L)
L
r

e

X
o
T FE

-,

r .r:-i

n
-y T sy FF

- .:H"_l. o
[ ]

-i"'.l:I|I r'_l"':ui=I

L |
i

o

r
HEFI!F:.I-'! L
i

FrFETr@EpEaAr RPN r A AN Ay r sy e

h o
et
i 7, M i ] :.
Véégé"‘j : : . y _ g .

T,

o

N
l.-:. 4 i_. [ 4 "+ r l"' '-I-_I-
-

L)
-F"-'I
L]

L

Eo
'Fl'-:F Ir:'. o
e

TN SR %%-ﬂ
N C
a

YR TN
T .|-I_'_J |
LU I

-

e e
ol
WL

i.'_'r"l" L]

Pty

L]
o

2

i
Lo

A9k Lh 4 ¥ LA

s
A

£33

AR
b

-
K

okt i g e gt
'n. i

. F

ATAAALEES

AR

ﬁ_:‘.-efg.v
g J-j.ph.r

J-f.-.‘.r;'ﬂ.r}

x

-

%

~

5!

"

- l‘.#;‘lf’.#‘
:51
e

._r.-
S "uib )
el
Lr::u".r"::rir’
o

a
-

AR

A%

iR

e

g

2




US 10,066,468 B2

1

DOWNHOLE PUMPING APPARATUS AND
METHOD

TECHNICAL FIELD

An apparatus and a method for moving fluids 1 a well-
bore.

BACKGROUND OF THE INVENTION

The removal of liquds which accumulate 1n producing
wells 1s required 1n order to enhance production from the
well and the overall operation of the production system. In
particular, liquids removal 1s necessary for the dewatering of
gas wells and the removal of o1l from wells where mixed o1l
and gas exists 1 the underground reservorr. If the liquids,
such as water and/or o1l, are not removed, the liquids tend to
accumulate and {ill or load up the well, which restricts the
flow of the gas to the surface. Eventually, the liquids may
choke off gas production completely. Therefore, a problem
to be overcome 1s to remove the liquids continually to avoid
their accumulation 1n the well.

One approach to this problem 1s to use a gas lift system
which uses the natural gas pressure in the reservoir to lift the
liquids from the well. In a gas lift system, a tubing string 1s
typically located in the well which extends from the surface
into the accumulated liquids such that the accumulated
liquids may flow into the tubing string. The gas then enters
the tubing string from the underground reservoir at chosen
intervals along the tubing string to cause the liquids within
the tubing string to rise to the surface. A freely moveable
plunger or pig may be located in the tubing string to
mimmize the penetration of the gas through the liquids.
Where the gas liit system uses the pressurized gas from the
reservoir to transport slugs of the liquid to the surface, a
small diameter tubing string for producing the liquids 1s
often required so that the gas pressure and the gas velocity
are sutlicient to carry the liquids to the surface. However, the
requirement for small diameter tubing may significantly
restrict the flow of the liquids and reduce the gas production.
As well, the produced gas and liquids are typically well
mixed at the surface, which may cause problems in surface
production lines, such as hydrate formation or freezing.
Further, gas lift systems have been found to be unsuitable
where the downhole gas pressure or the gas velocity 1s low
and thus, the gas 1s unable to overcome the pressure head of
the liquids to carry the liquids to the surface.

Other gas lift systems have been designed which only
periodically or intermittently 1ift the liquids to the surface in
a cyclical operation 1n order to allow the natural gas pressure
to develop 1n the well between the cycles to a critical level
necessary to lift the liquids. Examples of such systems are
described 1in U.S. Pat. No. 2,136,229 (Baldwin et al), U.S.
Pat. No. 4,596,516 (Scott et al) and U.S. Pat. No. 4,465,435
(Copas). Some of these systems use a timer operated valve,
located 1n the outlet of the tubing contaiming the liquids. The
valve 1s set to periodically open at a timed interval equal to
the time required for the natural gas pressure 1n the well to
recover following the release of such pressure. Other sys-
tems use valves sensitive to a predetermined differential
pressure between the liquids 1n the tubing string and the gas
to control the periodic opeming of the valve to allow lifting
of the liquids by the gas.

Other gas lift systems introduce pressurized fluid 1nto the

well from an outside source 1n addition to the natural gas
from the reservoir, as shown in U.S. Pat. No. 2,132,738
(Knox), U.S. Pat. No. 6,322,333 (Knight), U.S. Pat. No.
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7,546,870 (Dotson), and U.S. Pat. No. 7,566,208 (Santos).
However, the mtroduction of the pressurized fluid into the
well to lift the liquids requires the use of a compressor which
tends to increase both the cost and complexity of the
production apparatus required.

A turther approach to the problem of liquid loading is
shown in Canadian Patent No. 1,167,760 (Prather) which
describes a reciprocating surface pump which 1s powered by
the natural gas pressure from the reservoir. The reciprocating,
surface pump 1s connected to a string of sucker rods which
are connected to a conventional downhole pump. In essence,
the gas from the well 1s conducted to the surface where 1t
drives the reciprocating surface pump. The reciprocating
pump then powers the downhole pump, which pumps the
liquids to the surface. Several disadvantages are exhibited
by this system. First, the system requires a reciprocating
pump at the surface. Second, as the gas 1s conducted to the
surface for powering the reciprocating pump, the recipro-
cating pump must be designed as a pressure vessel which 1s
able to withstand the pressure differential between the
atmosphere and the downhole pressure. Third, there will be
some energy loss as the gas travels from the bottom of the
well to the reciprocating pump on the surface. Fourth,
reciprocation of the sucker rods within the tubing string
results 1n wearing of the tubing string and energy loss due to
friction between the sucker rods and the tubing string.

Other systems for removing liquids from producing wells
are described 1n U.S. Pat. No. 5,860,795 (Ridley et al), U.S.

Pat. No. 6,234,770 (Ridley et al), U.S. Pat. No. 7,204,314
(Lauritzen et al) and U.S. Pat. No. 7,789,142 (Dotson).

There continues to be a need for apparatus and methods
for moving fluids through a wellbore which make use of the
gas pressure present within the wellbore. Further, there
continues to be a need for such apparatus which can be
inserted in the wellbore and contained 1n the wellbore during
their operation.

SUMMARY OF THE INVENTION

References 1n this document to orientations, to operating,
parameters, to ranges, to lower limits of ranges, and to upper
limits of ranges are not intended to provide strict boundaries
for the scope of the invention, but should be construed to
mean “approximately” or “about” or “substantially”, within
the scope of the teachings of this document, unless expressly
stated otherwise.

As used herein, “proximal” means located relatively
toward an intended “uphole” end, “upper” end and/or “sur-
face” end of a wellbore. As used herein, “above” means
relatively proximal.

As used herein, “distal” means located relatively away
from an intended “uphole” end, “upper” end and/or *“‘sur-
face” end of a wellbore. As used herein, “below” means
relatively distal.

As used herein, “flmd” includes a liquid, a gas and/or a
combination of liquids and/or gases, including a multiphase
fluid, which may also contain a small amount of solid
material.

The present mvention relates to an apparatus and a
method for moving fluids in a wellbore using a gas pressure
of a gas phase which 1s contained in the wellbore. The
present invention mcludes features which may be adapted
for use with the inventions described 1n U.S. Pat. No.

5,860,795 (Ridley et al) and U.S. Pat. No. 6,234,770 (Ridley
ct al). Alternatively, the inventions described 1n U.S. Pat. No.
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5,860,795 (Ridley et al) and U.S. Pat. No. 6,234,770 (Ridley
et al) may be adapted for use with features of the present
invention.

The apparatus of the invention 1s configured to be mserted
in a wellbore. The apparatus has a proximal end and a distal
end.

In some embodiments, the apparatus may be comprised of
a sealing device which 1s adapted for sealing the wellbore 1n
order to provide an upper wellbore section and a lower
wellbore section, a first pump for pumping liquids from the
lower wellbore section, a pump drive for driving the first
pump, wherein the pump drive 1s powered by a lower
wellbore gas pressure of a lower wellbore gas phase which
1s contained i1n the lower wellbore section, a gas mlet 1n
communication with the lower wellbore section for receiv-
ing the lower wellbore gas phase 1n order to supply the gas
phase to the pump drive, and a gas outlet in communication
with the upper wellbore section for exhausting the lower
wellbore gas phase from the pump drive into the upper
wellbore section.

The apparatus of the invention may be adapted to be
inserted 1 a wellbore 1n any suitable manner. In some
embodiments, components of the apparatus may be axially
spaced along the length of the apparatus between the proxi-
mal end and the distal end so that the components are
arranged end-to-end along the apparatus. In some embodi-
ments, components of the apparatus may be located at a
single axial position along the length of the apparatus
between the proximal end and the distal end so that the
components are arranged side-by-side along the apparatus.
In some embodiments, components of the apparatus may be
configured as a combination of end-to-end and side-by-side
arrangements along the length of the apparatus between the
proximal end and the distal end. A consideration in config-
uring the components of the apparatus 1s the diameter of the
wellbore into which the apparatus will be inserted.

The apparatus of the invention may be inserted in a
wellbore 1n any suitable manner. In some embodiments, the
apparatus may be lowered 1nto a wellbore on a pipe string,
on coiled tubing, on a wireline or on a slickline.

In some embodiments, the sealing device may be located
axially between the proximal end and the distal end of the
apparatus so that the proximal end will be positioned 1n the
upper wellbore section and so that the distal end will be
positioned 1n the lower wellbore section.

The sealing device may be comprised of any suitable
structure, device or apparatus. In some embodiments, the
sealing device may be comprised of a packer. The packer
may be actuated 1n any suitable manner. In some embodi-
ments, the packer may be an inflatable packer. In some
embodiments, the packer may be a mechanically actuated
packer. In some embodiments, a mechanically actuated
packer may be actuated by mampulation of a pipe string or
colled tubing to which the apparatus 1s attached.

In some embodiments, the first pump may be a recipro-
cating pump and the pump drive may be a reciprocating
pump drive. In some embodiments, the first pump may be a
rotary pump and the pump drive may be a rotary pump drive.
Some features of the invention may be suitable for use with
both reciprocating and rotary pumps and pump drives. Some
teatures of the mvention may be more suitable for use with
reciprocating pumps and pump drives, or may be more
suitable for use with rotary pumps and pump drives.

In some embodiments, the first pump may be similar in

structure to embodiments of the first pump which are
described 1n U.S. Pat. No. 5,860,795 (Ridley et al) and U.S.

Pat. No. 6,234,770 (Ridley et al). In some embodiments, the
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pump drive may be similar 1n structure to embodiments of
the pump drive which are described 1n U.S. Pat. No. 5,860,

795 (Ridley et al) and U.S. Pat. No. 6,234,770 (Ridley et al).

In some embodiments, the first pump and the pump drive
may be axially spaced along the length of the apparatus
between the proximal end and the distal end. In some
embodiments, the first pump may be located axially between
the pump drive and the distal end.

The first pump has a first pump 1inlet. In some embodi-
ments, the first pump let may communicate with the lower
wellbore section. In some embodiments, a first pump 1nlet
line may connect the first pump with the first pump 1nlet. The
first pump has a first pump outlet. In some embodiments, the
first pump outlet may communicate with the upper wellbore
section. In some embodiments, a first pump outlet line may
connect the first pump with the first pump outlet. In some
embodiments, the first pump inlet may be adjacent to the
distal end of the apparatus. In some embodiments, the first
pump outlet may be adjacent to the proximal end of the
apparatus. In some embodiments, the first pump 1nlet line
may extend axially through the apparatus between the first
pump and the first pump 1nlet. In some embodiments, the
first pump outlet line may extend axially through the appa-
ratus between the first pump and the first pump outlet.

In some embodiments, the apparatus may be further
comprised of a first pump outlet check valve which 1s
positioned 1n the first pump outlet line adjacent to the first
pump outlet, for preventing fluids from passing from the
upper wellbore section through the first pump outlet line.

In some embodiments, the apparatus may be further
comprised of a pressure relief device positioned 1n the first
pump outlet line between the first pump outlet and the first
pump outlet check valve. In some embodiments, the pres-
sure relief device may be comprised of a pressure relief
valve or a burst disc.

The gas inlet may be comprised of any suitable opening
or combination of opemngs in the apparatus which 1is
suitable for enabling the lower wellbore gas phase to enter
the apparatus.

The gas outlet may be comprised of any suitable opening
or combination of openings in the apparatus which 1is
suitable for enabling the lower wellbore gas phase to be
exhausted into the upper wellbore section.

In some embodiments, the apparatus of the invention may
be turther comprised of a second pump for pumping fluids
from the upper wellbore section into the lower wellbore
section. The second pump may be driven by the pump drive.
In some embodiments, the second pump may be similar 1n
structure to embodiments of the second pump which are

described in U.S. Pat. No. 5,860,795 (Ridley et al) and U.S.
Pat. No. 6,234,770 (Ridley et al).

In some embodiments, the first pump, the second pump
and the pump drive may be axially spaced along the length
of the apparatus between the proximal end and the distal
end.

In some embodiments, the second pump may be located
axially between the pump drive and the distal end. In some
embodiments, the second pump may be located axially
between the pump drive and the distal end. In some embodi-
ments, the second pump may be located axially between the
pump drive and the first pump.

The second pump has a second pump inlet. In some
embodiments, the second pump 1nlet may communicate with
the upper wellbore section. In some embodiments, a second
pump 1nlet line may connect the second pump with the
second pump 1inlet. The second pump has a second pump
outlet. In some embodiments, the second pump outlet may
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communicate with the lower wellbore section. In some
embodiments, a second pump outlet line may connect the
second pump with the second pump outlet. In some embodi-
ments, the second pump inlet may be adjacent to the
proximal end of the apparatus. In some embodiments, the
second pump outlet may be adjacent to the distal end of the
apparatus. In some embodiments, the second pump 1nlet line
may extend axially through the apparatus between the
second pump inlet and the second pump. In some embodi-
ments, the second pump outlet line may extend axially
through the apparatus between the second pump and the
second pump outlet.

In some embodiments, the second pump may be adapted
to be driven directly by the lower wellbore gas phase in
addition to being driven by the pump drive.

In some embodiments, the apparatus of the invention may
be further comprised of a vent for venting to the upper
wellbore section a vented portion of the lower wellbore gas
phase which 1s contained in the lower wellbore section so
that the vented portion of the lower wellbore gas phase
bypasses the pump drive.

In some embodiments, the vent may be associated with
the gas inlet so that the vented portion of the lower wellbore
gas phase 1s a portion of the lower wellbore gas phase which
1s received at the gas inlet. In some embodiments, the vent
may be associated with the gas outlet so that the vented
portion of the lower wellbore gas phase 1s vented through the
gas outlet.

In some embodiments, the apparatus may be further
comprised ol a vent valve associated with the vent. In some
embodiments, the vent valve may be configured so that the
vent 15 open when the lower wellbore gas pressure 1s above
a threshold gas pressure and so that the vent 1s closed when
the lower wellbore gas pressure 1s below the threshold gas
pressure. The vent valve may be configured to open and
close 1n any suitable manner. In some embodiments, the vent
valve may be configured to open and close automatically in
response to the lower wellbore gas pressure. In some
embodiments, the vent valve may be configured to open and
close manually and/or in response to a command provided
by a person or controller.

In some embodiments, the pump drive may be a recipro-
cating pump drive.

If the pump drive 1s a reciprocating pump drive, the
apparatus of the invention may be further comprised of a
switch for alternately directing the lower wellbore gas phase
to opposite sides of the pump drive in order to reciprocate
the pump drnive.

In some embodiments, the switch may be comprised of a
reciprocating switch valve for directing the lower wellbore
gas phase to opposite sides of the pump drnive and a
reciprocating control valve for controlling the switch valve.
The control valve may use a control portion of the lower
wellbore gas phase which 1s received at the gas mlet to
reciprocate the switch valve. The apparatus may be further
comprised of a control line for delivering the control portion
of the lower wellbore gas phase to the control valve. The
control line may be configured so that the lower wellbore gas
phase 1s received at the gas inlet and 1s delivered to the
switch valve and to the control valve 1n parallel.

In some embodiments, the switch valve may be com-
prised of a plurality of switch valve pistons and a switch
valve linkage connecting the switch valve pistons so that the
switch valve pistons reciprocate together. The control por-
tion ol the lower wellbore gas phase may be alternately
directed to opposite sides of all of the switch valve pistons
by the control valve 1n order to reciprocate the switch valve.
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In some embodiments, the method of the invention may
be comprised of sealing a wellbore 1n order to provide an
upper wellbore section and a lower wellbore section, sup-
plying a lower wellbore gas phase which 1s contained 1n the
lower wellbore section to a pump drive in order to power the
pump drive, and driving a first pump with the pump drive in
order to pump fluids from the lower wellbore section.

In some embodiments, the method of the mmvention may
be further comprised of driving a second pump with the
pump drive 1n order to pump fluids from the upper wellbore
section into the lower wellbore section.

In some embodiments, the method of the mmvention may
be further comprised of venting to the upper wellbore
section a vented portion of the lower wellbore gas phase so
that the vented portion of the lower wellbore gas phase
bypasses the pump drive. In some embodiments, the venting
may occur when the lower wellbore gas pressure 1s above a
threshold gas pressure.

Exemplary aspects of the apparatus and method of the
invention may be directed at one or more features of the
invention.

In a first exemplary apparatus aspect, the mnvention 1s an
apparatus for insertion in a wellbore 1n order to move fluids
in the wellbore, wherein the wellbore communicates with an
underground reservolr containing reservoir fluids such that
the reservoir fluids enter the wellbore, wherein the reservoir
fluids are comprised of a gas phase, and wherein the
apparatus comprises:

(a) a sealing device adapted for sealing the wellbore in
order to provide an upper wellbore section proximal to
the sealing device and a lower wellbore section distal to
the sealing device, so that a lower wellbore gas phase
which 1s contained in the lower wellbore section 1s
maintained at a lower wellbore gas pressure;

(b) a first pump for pumping fluds from the lower
wellbore section:

(¢) a second pump for pumping fluids from the upper
wellbore section 1nto the lower wellbore section;

(d) a pump drive operably connected to the first pump and
the second pump, for dnving the first pump and the
second pump, wherein the pump drive 1s adapted to be
powered using the lower wellbore gas pressure of the
lower wellbore gas phase;

(¢) a gas 1let in communication with the lower wellbore
section, for receiving the lower wellbore gas phase
from the lower wellbore section 1n order to supply the
lower wellbore gas phase to the pump drnive; and

(1) a gas outlet in communication with the upper wellbore
section, for exhausting the lower wellbore gas phase
from the pump drive into the upper wellbore section.

In a second exemplary apparatus aspect, the invention 1s
an apparatus for insertion in a wellbore in order to move
fluids 1n the wellbore, wherein the wellbore communicates
with an underground reservoir containing reservoilr fluids
such that the reservoir fluids enter the wellbore, wherein the
reservolr tluids are comprised of a gas phase, and wherein
the apparatus comprises:

(a) a sealing device adapted for sealing the wellbore in
order to provide an upper wellbore section proximal to
the sealing device and a lower wellbore section distal to
the sealing device, so that a lower wellbore gas phase
which 1s contained in the lower wellbore section 1s
maintained at a lower wellbore gas pressure;

(b) a first pump for pumping fluds from the lower
wellbore section:

(c) a pump drive operably connected to the first pump, for
driving the first pump, wherein the pump drive 1is
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adapted to be powered using the lower wellbore gas
pressure of the lower wellbore gas phase;

(d) a gas 1nlet 1n communication with the lower wellbore
section, for receiving the lower wellbore gas phase
from the lower wellbore section 1n order to supply the
lower wellbore gas phase to the pump drive;

(¢) a gas outlet 1n communication with the upper wellbore
section, for exhausting the lower wellbore gas phase
from the pump drive mto the upper wellbore section;
and

(1) a vent for venting to the upper wellbore section a
vented portion of the lower wellbore gas phase so that
the vented portion of the lower wellbore gas phase
bypasses the pump drive.

In a third exemplary apparatus aspect, the invention 1s an
apparatus for insertion in a wellbore 1n order to move fluids
in the wellbore, wherein the wellbore communicates with an
underground reservolr containing reservoir fluids such that
the reservoir fluids enter the wellbore, wherein the reservoir
fluids are comprised of a gas phase, and wherein the
apparatus comprises:

(a) a sealing device adapted for sealing the wellbore 1n
order to provide an upper wellbore section proximal to
the sealing device and a lower wellbore section distal to
the sealing device, so that a lower wellbore gas phase
which 1s contained in the lower wellbore section 1s
maintained at a lower wellbore gas pressure;

(b) a reciprocating {irst pump for pumping fluids from the
lower wellbore section;

(c) a reciprocating pump drive operably connected to the
first pump, for driving the first pump, wherein the pump
drive 1s adapted to be powered using the lower wellbore
gas pressure ol the lower wellbore gas phase;

(d) a gas 1nlet 1n communication with the lower wellbore
section, for receiving the lower wellbore gas phase
from the lower wellbore section 1n order to supply the
lower wellbore gas phase to the pump drive;

(e) a gas outlet 1n communication with the upper wellbore
section, for exhausting the lower wellbore gas phase
from the pump drive mto the upper wellbore section;
and

(1) a switch for alternately directing the lower wellbore

gas phase received at the gas inlet to opposite sides of

the pump drive in order to reciprocate the pump drive,

wherein the switch 1s comprised of:

(1) a reciprocating switch valve, wherein the switch
valve reciprocates between a first switch valve posi-
tion 1 which the lower wellbore gas phase 1is
directed to a first side of the pump drive and a second
switch valve position 1n which the lower wellbore
gas phase 1s directed to a second side of the pump
drive;

(1) a reciprocating control valve, wherein the control
valve 1s reciprocated by the pump drive between a
first control valve position 1n which a control portion
of the lower wellbore gas phase which 1s received at
the gas inlet 1s directed to a first side of the switch
valve 1n order to reciprocate the switch valve to the
first switch valve position and a second control valve
position 1 which the control portion of the lower
wellbore gas phase 1s directed to a second side of the
switch valve 1n order to reciprocate the switch valve
to the second switch valve position; and
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lower wellbore gas phase 1s received at the gas inlet
and 1s delivered to the switch valve and to the control

valve 1n parallel.
In a fourth exemplary apparatus aspect, the invention 1s an
apparatus for insertion 1n a wellbore 1n order to move fluids
in the wellbore, wherein the wellbore communicates with an

underground reservolr containing reservoir fluids such that
the reservoir fluids enter the wellbore, wherein the reservoir
fluids are comprised of a gas phase, and wherein the
apparatus comprises:

(a) a sealing device adapted for sealing the wellbore in
order to provide an upper wellbore section proximal to
the sealing device and a lower wellbore section distal to
the sealing device, so that a lower wellbore gas phase
which 1s contained in the lower wellbore section 1s
maintained at a lower wellbore gas pressure;

(b) a reciprocating first pump for pumping tluids from the
lower wellbore section;

(c) a reciprocating pump drive operably connected to the
first pump, for driving the first pump, wherein the pump
drive 1s adapted to be powered using the lower wellbore
gas pressure ol the lower wellbore gas phase;

(d) a gas inlet 1n communication with the lower wellbore
section, for receiving the lower wellbore gas phase
from the lower wellbore section 1n order to supply the
lower wellbore gas phase to the pump drive;

(¢) a gas outlet in communication with the upper wellbore
section, for exhausting the lower wellbore gas phase
from the pump drive into the upper wellbore section;
and

(1) a switch for alternately directing the lower wellbore
gas phase received at the gas inlet to opposite sides of
the pump drive in order to reciprocate the pump drive,
wherein the switch 1s comprised of:

(1) a reciprocating switch valve, wherein the switch
valve reciprocates between a first switch valve posi-
tion 1 which the lower wellbore gas phase 1is
directed to a first side of the pump drive and a second
switch valve position in which the lower wellbore
gas phase 1s directed to a second side of the pump
drive, wherein the switch valve 1s comprised of a
plurality of switch valve pistons and a switch valve
linkage connecting the switch valve pistons so that
the switch valve pistons reciprocate together; and

(1) a reciprocating control valve, wherein the control
valve 1s reciprocated by the pump drive between a
first control valve position 1n which a control portion
of the lower wellbore gas phase 1s directed to a first
side of all of the switch valve pistons 1n order to
reciprocate the switch valve to the first switch valve
position and a second control valve position 1n which
the control portion of the lower wellbore gas phase
1s directed to a second side of all of the switch valve
pistons 1n order to reciprocate the switch valve to the
second switch valve position.

These exemplary apparatus aspects of the mvention may
cach further comprise one or more other features of the
apparatus of the mvention.

In a first exemplary method aspect, the mvention 1s a
method for moving fluids 1n a wellbore, wherein the well-
bore communicates with an underground reservoir contain-
ing reservoir fluids such that the reservoir fluids enter the
wellbore, wherein the reservoir fluids are comprised of a gas
phase, and wherein the method comprises:

(a) sealing the wellbore 1n order to provide an upper

wellbore section and a lower wellbore section, so that
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a lower wellbore gas phase which 1s contained 1n the
lower wellbore section 1s maintained at a lower well-
bore gas pressure;

(b) supplying the lower wellbore gas phase to a pump
drive 1n order to power the pump drive, wherein the
pump drive 1s adapted to be powered using the lower
wellbore gas pressure of the lower wellbore gas phase;

(c) driving a first pump with the pump drive in order to
pump fluids from the lower wellbore section; and

(d) drniving a second pump with the pump drive 1n order
to pump tluids from the upper wellbore section into the
lower wellbore section.

In a second exemplary method aspect, the invention is a
method for moving fluids 1n a wellbore, wherein the well-
bore communicates with an underground reservoir contain-
ing reservoir fluids such that the reservoir fluids enter the
wellbore, wherein the reservoir fluids are comprised of a gas
phase, and wherein the method comprises:

(a) sealing the wellbore in order to provide an upper

wellbore section and a lower wellbore section, so that
a lower wellbore gas phase which 1s contained 1n the
lower wellbore section 1s maintained at a lower well-
bore gas pressure;

(b) supplying the lower wellbore gas phase to a pump
drive 1n order to power the pump drive, wherein the
pump drive 1s adapted to be powered using the lower
wellbore gas pressure of the lower wellbore gas phase;

(¢) driving a first pump with the pump drive 1 order to
pump fluids from the lower wellbore section; and

(d) venting to the upper wellbore section a vented portion
of the lower wellbore gas phase so that the vented
portion of the lower wellbore gas phase bypasses the
pump drive.

These exemplary method aspects of the invention may

both further comprise one or more other features of the
method of the mvention.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the invention will now be described with
reference to the accompanying drawings, in which:

FIG. 1 1s a schematic drawing depicting an exemplary
embodiment of the apparatus of the mnvention positioned 1n
a wellbore.

FIGS. 2A-2D 1s a schematic longitudinal section assem-

bly drawing of the exemplary embodiment of the apparatus
depicted 1n FIG. 1, wherein FIG. 2B 1s an extension of FIG.

2A, FIG. 2C 1s an extension of FIG. 2B, and FIG. 2D 1s an
extension of FIG. 2C, showing the control valve in the first
control valve position, showing the switch valve 1n the first
switch valve position, and showing the pump drnive at the
upper end of the pump drive stroke.

FIGS. 3A-3D 1s a schematic longitudinal section assem-
bly drawing of the exemplary embodiment of the apparatus
depicted 1n FIG. 1, wherein FIG. 3B 1s an extension of FIG.
3A, FIG. 3C 15 an extension of FIG. 3B, and FIG. 3D 1s an
extension of FIG. 3C, showing the control valve in the
second control valve position, showing the switch valve 1n
the second switch valve position, and showing the pump
drive at the lower end of the pump drive stroke.

DETAILED DESCRIPTION

An exemplary embodiment of the apparatus of the inven-

tion 1s depicted 1n FIGS. 1-3.
FIG. 1 1s a schematic drawing depicting the exemplary
embodiment positioned 1n a wellbore. FIG. 2 1s a schematic
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longitudinal section assembly drawing of the exemplary
embodiment, showing the control valve in the first control
valve position, showing the switch valve in the first switch
valve position, and showing the pump drive at the upper end
of the pump drive stroke. FIG. 3 1s a schematic longitudinal
section assembly drawing of the exemplary embodiment,
showing the control valve in the second control valve
position, showing the switch valve i the second switch
valve position, and showing the pump drive at the upper end
of the pump drive stroke.

Referring to FIG. 1, the exemplary embodiment of the
apparatus (10) has a proximal end (12) and a distal end (14).
In the exemplary embodiment, the apparatus (10) 1s com-
prised of a plurality of components which are axially spaced
along the length of the apparatus (10) between the proximal
end (12) and the distal end (14) so that the components are
arranged end-to-end along the apparatus (10).

Referring to FIG. 1, the apparatus (10) 1s depicted posi-
tioned 1n a wellbore (16) 1n an exemplary configuration for
use of the apparatus (10). In the exemplary configuration,
the wellbore (16) extends into or through an underground
reservoir (18) containing reservoir fluids (not shown). The
reservoir fluids are typically comprised of a gas phase (such
as natural gas) and at least one liquid phase (such as
hydrocarbons and/or water).

In the exemplary configuration, the wellbore (16) 1s lined
with a production casing (20) which 1s perforated adjacent to
the reservoir (18) so that the wellbore (16) communicates
with the reservoir (18) and so that the reservoir fluids can
enter the wellbore (16). In FIG. 1, the casing (20) 1s shown
extending for the entire length of the wellbore (16). In FIGS.
2-3, for clarity in depicting the apparatus (10), the casing
(20) 1s shown extending only for a portion of the length of
the wellbore (16).

In the exemplary configuration, the apparatus (10) may be
used to produce a liquid and/or a gas from the wellbore (16).
As a result, FIG. 1 depicts schematically a liquid line (22)
and a gas line (24) which extend from adjacent to the
proximal end (12) of the apparatus (10) toward a ground
surface end of the wellbore (16). In the exemplary configu-
ration, the liquid line (22) may be comprised of a production
tubing (not shown) and the gas line (24) may be comprised
of an annular space or annulus between the casing (20) and
the production tubing.

In the exemplary embodiment, from the proximal end
(12) to the distal end (14) of the apparatus (10), the com-
ponents 1nclude a packer transition sub (30), a packer sub
(32), a vent valve sub (34), a crossover spacer sub (36), a
switch valve sub (38), a control valve sub (40), a pump drnive
sub (42), a second pump sub (44), and a first pump sub (46).

In other embodiments, additional components, including
but not limited to spacer subs (not shown) may be included
in the apparatus (10) to provide a desired axial distance
between components of the apparatus (10). As a non-
limiting example, one or more spacer subs may be included
to provide a desired axial distance between the packer sub
(32) and the pump subs (44, 46).

Referring to FIGS. 2-3, in the exemplary embodiment, the
packer transition sub (30) 1s connected with the packer sub
(32) with a collar (50). A proximal end of the collar (50) 1s
comprised of an imwardly projecting flange (52) which
engages a shoulder (34) on the packer transition sub (30). A
distal end of the collar (50) 1s provided with internal threads
which engage with external threads on a proximal end of the
packer sub (32) to provide a threaded connection (56)
between the collar (50) and the packer sub (32).
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Referring to FIGS. 2-3, in the exemplary embodiment, the
packer sub (32) 1s comprised of a proximal packer sub (60)
and a main packer sub (62). The proximal packer sub (60)
1s connected with the main packer sub (62) by a threaded
connection (64). A distal end of the main packer sub (62) 1s
provided with external threads.

Referring to FIGS. 2-3, in the exemplary embodiment, the
vent valve sub (34) 1s comprised of a proximal vent valve
sub (70), a main vent valve sub (72), and a distal vent valve
sub (74). In the exemplary embodiment, the proximal vent
valve sub (70) 1s welded to the main vent valve sub (72) and
the main vent valve sub (72) 1s welded to the distal vent
valve sub (74).

Referring to FIGS. 2-3, 1n the exemplary embodiment, a
proximal end of the proximal vent valve sub (70) 1s provided
with 1nternal threads and a distal end of the distal vent valve
sub (74) 1s provided with external threads.

In the exemplary embodiment, the distal end of the main
packer sub (62) 1s connected with the proximal end of the
proximal vent valve sub (70) by a threaded connection.

In the exemplary embodiment, the crossover spacer sub
(36), the switch valve sub (38), the control valve sub (40),
the pump drive sub (42), the second pump sub (44) and the
first pump sub (46) are all contained within a main housing
(80). In the exemplary embodiment, a proximal end of the
main housing (80) 1s provided with internal threads which
engage with the external threads on the distal end of the
distal vent valve sub (74) to provide a threaded connection
(82) between the distal vent valve sub (74) and the main
housing (80).

In the exemplary embodiment, a proximal end of the
packer transition sub (30) defines the proximal end (12) of
the apparatus (10). In the exemplary embodiment, the main
housing (80) extends distally below the first pump sub (46)
so that a distal end of the main housing (80) defines the distal
end (14) of the apparatus (10).

In the exemplary embodiment, the packer transition sub
(30) contains and/or defines conduits for providing commu-
nication between the apparatus (10) and the wellbore (16)
adjacent to the proximal end (12) of the apparatus (10), and
for providing communication between the packer transition
sub (30) and components of the apparatus (10) below the
packer transition sub (30), as discussed 1n detail below.

In the exemplary embodiment, the packer transition sub
(30) also defines a first pump outlet (84), a second pump
inlet (86), and a gas outlet (88) adjacent to the proximal end
(12) of the apparatus (10). A screen (not shown) may be
provided at the second pump inlet (86) to imhibit the intro-
duction of solids into the apparatus (10).

In the exemplary configuration of the apparatus (10) in a
wellbore (16), the first pump outlet (84) may be connected
with a liquid line (22) and the gas outlet (88) may be
connected with a gas line (24), as depicted schematically 1n
FIG. 1.

In the exemplary embodiment, the packer sub (32) con-
tains and/or defines conduits for providing communication
between the packer sub (32) and components of the appa-
ratus (10) above and below the packer sub (32), as discussed
in detail below.

The packer sub (32) also contains or carries a packer (90)
as a sealing device for sealing the wellbore (16) to provide
an upper wellbore section (92) proximal to the packer (90)
and a lower wellbore section (94) distal to the packer (90).

Referring to FIG. 1, in the exemplary configuration for
use of the apparatus (10), the lower wellbore section (94)
communicates with the reservoir (18) so that the reservoir
fluids enter the lower wellbore section (94), with the result
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that the lower wellbore section (94) contains a lower well-
bore gas phase (not shown) at a lower wellbore gas pressure.
The packer (90) maintains the lower wellbore gas phase at
the lower wellbore gas pressure by 1solating the lower
wellbore section (94) from the upper wellbore section (92).

In the exemplary embodiment, the packer (90) 1s a
mechanical packer which i1s mechanically actuated by
mampulating a pipe string, coiled tubing or other runmng
string (not shown) to which the apparatus (10) may be
attached. In other embodiments, the packer (90) may be any
suitable type of sealing device which 1s capable of providing
a seal between the apparatus (10) and the wellbore (16) 1n
order to seal the wellbore (16), as would be well known to
a person skilled in the art. As a result, for simplicity, many
details of the packer (90) are not shown 1n FIGS. 1-3.

In the exemplary embodiment, the vent valve sub (34)
contains and/or defines conduits for providing communica-
tion between the vent valve sub (34) and components of the
apparatus (10) above and below the vent valve sub (34), as
discussed 1n detail below.

In the exemplary embodiment, the vent valve sub (34)
also provides a gas inlet (100) for receiving the lower
wellbore gas phase from the lower wellbore section (94). In
the exemplary embodiment, the gas inlet (100) 1s comprised
of three separate gas inlet ports (104) which are spaced
around the circumference of the vent valve sub (34). In other
embodiments, the gas inlet (100) may be comprised of a
single gas 1nlet port (104) or any suitable number of gas inlet
ports (104). In the exemplary embodiment, the gas inlet
(100) 15 also comprised of a gas inlet chamber (106) which
connects the gas inlet ports (104).

In the exemplary embodiment, the vent valve sub (34)
also defines a vent (110) for venting a vented portion of the
lower wellbore gas phase to the upper wellbore section (92).
In the exemplary embodiment, the vent (110) 1s associated
with the gas inlet (100) so that the vented portion of the
lower wellbore gas phase 1s a portion of the lower wellbore
gas phase which is receirved at the gas inlet (100).

In the exemplary embodiment, a vent valve (112) 1s
associated with the vent (110). In the exemplary embodi-
ment, the vent valve (112) 1s configured so that the vent
(110) 1s open when the lower wellbore gas pressure 1s above
a threshold gas pressure and so that the vent (110) 1s closed
when the lower wellbore gas pressure 1s below a threshold
gas pressure.

The vent (110) and the vent valve (112) can reduce the
likelihood of damage to the apparatus (10) due to being
exposed to an excess lower wellbore gas pressure. Accord-
ingly, in the exemplary embodiment, the vent valve (112) 1s
configured so that the threshold gas pressure 1s less than a
pressure which will cause damage to the apparatus (10).

The vent (110) and the vent valve (112) can also facilitate
additional production of the lower wellbore gas phase to the
ground surface through the vent (110) 1in circumstances
where high volumes of the lower wellbore gas phase and/or
a high lower wellbore gas pressure are present.

In the exemplary embodiment, before being released to
the upper wellbore section (92), the vented portion of the
lower wellbore gas phase 1s vented to a gas outlet chamber
(114) which 1s defined by the packer sub (32) and which
communicates with the gas outlet (88).

In the exemplary embodiment, the crossover spacer sub
(36) 1s comprised of a crossover spacer (120), which con-
tains and/or defines conduits for providing communication
between the crossover spacer sub (36) and components of
the apparatus (10) above and below the crossover spacer sub
(36), as discussed 1n detail below.
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In the exemplary embodiment, a gasket (122) 1s provided
between the vent valve sub (34) and the crossover spacer
(120).

In the exemplary embodiment, the switch valve sub (38)
contains and/or defines conduts for providing communica-
tion between the switch valve sub (38) and components of
the apparatus (10) above and below the switch valve sub
(38), as discussed 1n detail below.

The switch valve sub (38) also contains a switch valve
(130). As a result, the switch valve sub (38) also contains
and/or defines conduits which are associated with the func-
tioming of the switch valve (130), as discussed 1n detail
below.

In the exemplary embodiment, the switch valve (130) 1s
a reciprocating switch valve which reciprocates between a
first switch valve position (132) as shown 1n FIG. 2 and a
second switch valve position (134) as shown in FIG. 3.

In the exemplary embodiment, the switch valve sub (38)
and the switch valve (130) are constructed as a modular
component. More particularly, in the exemplary embodi-
ment, the switch valve (130) 1s comprised of a first switch
valve module (136) and a second switch valve module (138).
The switch valve modules (136, 138) are separated by a
switch valve module spacer (140).

The first switch valve module (136) 1s comprised of a first
switch valve piston (142) contained 1n a first switch valve
cylinder (144) which 1s defined by the first switch valve
module (136), and the second switch valve module (138) 1s
comprised of a second switch valve piston (146) contained
in a second switch valve cylinder (148) which 1s defined by
the second switch valve module (138). The switch valve
cylinders (144, 148) arc separated by the switch valve
module spacer (140). A switch valve linkage (150) extends
through the switch valve module spacer (140) and connects
the switch valve pistons (142, 146) with threaded connec-
tions so that the switch valve pistons (142, 146) reciprocate
together.

A groove 1n the outer surface of the first switch valve
piston (142) defines a first switch valve port (152). A groove
in the outer surface of the second switch valve piston (146)
defines a second switch valve port (154). O-ring seals (156)
are provided on the outer surfaces of the switch valve pistons
(142, 146) on both sides of the switch valve ports (146, 148)
to seal and 1solate the switch valve ports (146, 148).

Since the switch valve sub (38) and the switch valve (130)
in the exemplary embodiment are constructed as a modular
component, the switch valve (130) may easily be comprised
of a single switch valve piston or may be comprised ol more
than two switch valve pistons simply by varying the number
of switch valve modules and switch valve spacers which are
included 1n the switch valve sub (38). In other embodiments,
the switch valve sub (38) may be configured so that a
plurality of switch valve pistons may be contained 1n a single
switch valve cylinder, and/or the switch valve sub (38) may
be configured as a non-modular component.

In the exemplary embodiment, a gasket (158) 1s provided
between the crossover spacer (120) and the switch valve sub
(38), and gaskets (160) are provided between each of the
switch valve modules (136, 138) and the switch valve
module spacer (140).

In the exemplary embodiment, the control valve sub (40)
contains and/or defines conduits for providing communica-
tion between the control valve sub (40) and components of
the apparatus (10) above and below the control valve sub
(40), as discussed 1n detail below.

The control valve sub (40) also contains a control valve
(170). As a result, the control valve sub (40) also contains
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and/or defines conduits which are associated with the func-
tioning of the control valve (170), as discussed 1n detail
below.

In the exemplary embodiment, the control valve (170) 1s
a reciprocating control valve which reciprocates between a
first control valve position (172) as shown 1n FIG. 2 and a
second control valve position (174) as shown i FIG. 3.

In the exemplary embodiment, the control valve sub (40)
and the control valve (170) are constructed as a modular
component. More particularly, 1n the exemplary embodi-
ment, the control valve (170) 1s comprised of first control
valve module (176), a second control valve module (178),
and a third control valve module (180). The first control
valve module (176) and the second control valve module
(178) are separated by a proximal control valve spacer (182).
The second control valve module (178) and the third control
valve module (180) are separated by a distal control valve
spacer (184).

In the exemplary embodiment, the control valve (170) 1s
comprised of a control valve piston (186) which 1s slidably
carried on a control valve shait (188). The control valve
piston (186) and the control valve shait (188) are contained
in a control valve cylinder (189) which 1s defined by the
control valve modules (176, 178, 180). A proximal control
valve actuating member (190) 1s fixed to a proximal end of
the control valve shaft (188) with a threaded connection. A
distal control valve actuating member (192) 1s fixed to a
distal end of the control valve shaft (188) with a threaded
connection. The reciprocating movement of the control
valve (170) 1s limited by a proximal control valve stop (194)
which 1s defined by the proximal control valve spacer (182)
and a distal control valve stop (196) which 1s defined by the
distal control valve spacer (184).

Two grooves 1n the outer surface of the control valve
piston (186) define a first control valve port (198) and a
second control valve port (200). O-ring seals (202) are
provided on the outer surface of the control valve piston
(186) on both sides of the control valve ports (198, 200) to
seal and 1solate the control valve ports (188, 190).

Since the control valve sub (40) and the control valve
(170) 1n the exemplary embodiment are constructed as a
modular component, the number of control valve modules
may easily be varied in order to accommodate a lesser or
greater amount of reciprocation of the control valve shaft
(188).

In the exemplary embodiment, the switch valve sub (38)
and the control valve sub (40) are separated by a spacer plate
(204). In the exemplary embodiment, gaskets (206) are
provided between the switch valve sub (38) and the spacer
plate (204) and between the spacer plate (204) and the
control valve sub (40).

In the exemplary embodiment, gaskets (208) are also
provided between the first and second control valve modules
(176, 178) and the proximal control valve spacer (182) and
between the second and third control valve modules (178,
180) and the distal control valve spacer (184).

In the exemplary embodiment, the pump drive sub (42)
contains and/or defines conduits for providing communica-
tion between the pump drive sub (42) and components of the
apparatus (10) above and below the pump drive sub (42), as
discussed 1n detail below.

The pump drive sub (42) also contains a pump dnive
(220). As a result, the pump drnive sub (42) also contains
and/or defines conduits which are associated with the func-
tioning of the pump drive (220), as discussed 1n detail below.

In the exemplary embodiment, the pump drive (220) 1s a
reciprocating pump drive which reciprocates between a first
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pump drive position (222) as shown 1n FIG. 2 and a second
pump drive position (224) as shown in FIG. 3.

In the exemplary embodiment, the pump drive sub (42)
and the pump dnive (220) are constructed as a modular
component. More particularly, in the exemplary embodi-
ment, the pump drnive (220) 1s comprised of a first pump
drive module (226), a second pump drive module (228), a
third pump drive module (230), and a fourth pump drive

module (232).

The pump drive modules (226, 228, 230, 232) are sepa-
rated by pump drive spacers (234). In the exemplary
embodiment, gaskets (235) are provided between the pump
drive modules (226, 228, 230, 232) and the spacers (234).

In the exemplary embodiment, each of the pump drive
modules (226, 228, 230, 232) provides a pump drive stage
so that the pump drive (220) 1n the exemplary embodiment
1s comprised of four pump drive stages. In the exemplary
embodiment, each pump drive module (226, 228, 230, 232)
1s comprised of a pump drive piston (236) and a pump drive
module shait (238) contained 1n a pump drive cylinder (240)
which 1s defined by the corresponding pump drive module.
The pump drive cylinders (240) are separated by the pump
drive spacers (234).

Each pump drive module shait (238) 1s fixed to its
corresponding pump drive piston (236) with a threaded
connection, extends from a distal end of the pump drive
piston (236), and terminates below the distal end of its
corresponding pump drive cylinder (240). In the exemplary
embodiment, all of the pump drive pistons (236) are inter-
connected by the pump drnive module shafts (238) with
threaded connections so that the pump drive pistons (236)
reciprocate together. The pump drive module shait (238) of
the most distal pump drive stage extends below the pump
drive sub (42).

O-ring seals (242) are provided on the outer surface of the
pump drive pistons (236) so that the pump drive pistons
(236) sealingly engage the pump drive cylinders (240).

Since the pump drive sub (42) and the pump drive (220)
in the exemplary embodiment are constructed as a modular
component, the number of pump drive stages may easily be
varied to provide fewer than four pump stages or more than
four pump stages 1n order to reduce or increase the power of
the pump drive (220).

In the exemplary embodiment, the control valve sub (40)
and the pump drive sub (42) are separated by a spacer plate
(244). In the exemplary embodiment, gaskets (246) are
provided between the control valve sub (40) and the spacer
plate (244) and between the spacer plate (244) and the pump
drive sub (42).

In the exemplary embodiment, a control valve connector
shaft (248) extends through the spacer plate (244) and 1s
fixed to the most proximal pump drive piston (236) and the
distal control valve actuating member (192) with threaded
connections so that the pump drive pistons (236) and the
control valve shaft (188) reciprocate together.

In the exemplary embodiment, the second pump sub (44)
contains and/or defines conduits for providing communica-
tion between the second pump sub (44) and components of
the apparatus (10) above and below the second pump sub
(44), as discussed 1n detail below.

The second pump sub (44) also contains a second pump
(260) for pumping tfluids from the upper wellbore section
(92) mto the lower wellbore section (94). As a result, the
second pump sub (44) also contains and/or defines conduits
which are associated with the functioning of the second
pump (260), as discussed 1n detail below.
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In the exemplary embodiment, the second pump (260) 1s
a reciprocating pump which reciprocates between a first
second pump position (262) as shown 1n FIG. 2 and a second
second pump position (264) as shown in FIG. 3.

In the exemplary embodiment, the second pump sub (44)
and the second pump (260) are constructed as a modular
component. More particularly, 1n the exemplary embodi-
ment, the second pump (260) 1s comprised of a single second
pump module (266) so that the second pump (260) 1s
comprised of a single second pump stage.

In the exemplary embodiment, the second pump module
(266) 1s comprised of a second pump piston (268) contained
in a second pump cylinder (270) which 1s defined by the
second pump module (266). The second pump piston (268)
1s fixed to the most distal pump drive module shaft (238)
with a threaded connection so that the second pump piston
(268) and the pump drive pistons (236) reciprocate together.

O-ring seals (272) are provided 1n the outer surface of the
second pump piston (268) so that the second pump piston
(268) scalingly engages the second pump cylinder (270).

Since the second pump sub (44) and the second pump
(260) in the exemplary embodiment are constructed as a
modular component, the number of second pump stages may
casily be increased (similar to providing more than one
pump drive stage) to provide more than one second pump
stage 1n order to increase the pumping pressure and/or the
pumping flowrate of the second pump (260).

In the exemplary embodiment, the pump drive sub (42)
and the second pump sub (44) are separated by a spacer plate
(274). In the exemplary embodiment, gaskets (276) are
provided between the pump drive sub (42) and the spacer
plate (274) and between the spacer plate (274) and the
second pump sub (44).

In the exemplary embodiment, the most distal pump drnive
module shaft (238) extends through the spacer plate (274) in
order to enable the most distal pump drive module shaft
(238) to connect with the second pump piston (268).

In the exemplary embodiment, the first pump sub (46)
contains and/or defines conduits for providing communica-
tion with components of the apparatus (10) above the first
pump sub (46), as discussed 1n detail below.

The first pump sub (46) also contains a first pump (280)
for pumping fluids from the lower wellbore section (94). As
a result, the first pump sub (46) also contains and/or defines
conduits which are associated with the functioning of the
first pump (280), as discussed in detail below.

In the exemplary embodiment, the first pump (280) 1s a
reciprocating pump which reciprocates between a first first
pump position (282) as shown in FIG. 2 and a second first
pump position (284) as shown 1n FIG. 3.

In the exemplary embodiment, the first pump sub (46) and
the first pump (280) are constructed as a modular compo-
nent. More particularly, in the exemplary embodiment, the
first pump (280) 1s comprised of a single first pump module
(286) so that the first pump (280) 1s comprised of a single
first pump stage.

In the exemplary embodiment, the first pump module
(286) 1s comprised of a first pump piston (288) and a first

pump module shaft (290) contained 1n a first pump cylinder
(292) which 1s defined by the first pump module (286).

The first pump module shait (290) 1s fixed to the first
pump piston (288) with a threaded connection, extends from
a proximal end of the first pump piston (288), and 1s fixed
to the second pump piston (268) with a threaded connection
so that the first pump piston (288) and the second pump
piston (268) reciprocate together.




US 10,066,468 B2

17

O-ring seals (294) are provided 1n the outer surface of the
first pump piston (288) so that the first pump piston (288)
sealingly engages the first pump cylinder (292).
Since the first pump sub (46) and the first pump (280) 1n
the exemplary embodiment are constructed as a modular
component, the number of first pump stages may easily be
increased (similar to providing more than one pump drive
stage) to provide more than one first pump stage 1n order to
increase the pumping pressure and/or the pumping flowrate
of the first pump (280).
In the exemplary embodiment, the second pump sub (44)
and the first pump sub (46) are separated by a spacer plate
(296). In the exemplary embodiment, gaskets (298) are
provided between the second pump sub (44) and the spacer
plate (296) and between the spacer plate (296) and the first
pump sub (46).
In the exemplary embodiment, the first pump module
shaft (290) extends through the spacer plate (296) in order
to enable the first pump module shait (290) to connect with
the second pump piston (268).
In the exemplary embodiment, a bottom plate (310) 1s
provided at the distal end of the first pump sub (46). The
bottom plate (310) contains and/or defines conduits for
providing communication between the apparatus (10) and
the wellbore (16) adjacent to the distal end (14) of the
apparatus (10), and for providing communication between
the bottom plate (310) and components of the apparatus (10)
above the bottom plate (310), as discussed 1n detail below.
In the exemplary embodiment, the bottom plate (310) also
defines a first pump 1nlet (312) and second pump outlet (314)
adjacent to the distal end (14) of the apparatus (10). A screen
(not shown) may be provided at the first pump inlet (312) to
inhibit the introduction of solids into the apparatus (10).
In the exemplary embodiment, a gasket (316) 1s provided
between the first pump sub (46) and the bottom plate (310).
As previously mentioned, each of the components of the
apparatus (10) contains and/or defines conduits which are
utilized for the operation of the apparatus (10).
The conduits include axial conduits and radial conduits.
Axial conduits extend generally axially through the compo-
nents and radial conduits extend generally radially from
axial conduits.
In the exemplary embodiment, the components of the
apparatus (10) are configured so that at least some of the
components and modules of the apparatus (10) include the
same configuration of axial conduits. In the exemplary
embodiment, not all of the axial conduits may be used 1n
cach component, and some of the axial conduits may be
extra or spare axial conduits which may not be used at all 1n
the apparatus (10). In the exemplary embodiment, each of
the axial conduits 1s located at a similar position 1n each of
the components and modules. This configuration of the axial
conduits simplifies the fabrication of the components and
modules and assists 1n facilitating construction of the com-
ponents as modular components.
Referring to FIGS. 2-3, in the exemplary embodiment, the
apparatus (10) 1s comprised of the following axial conduits:
axial condut (401): this axial conduit (401) houses the
switch valve pistons (142, 146), the control valve
piston (186), the pump drive pistons (236), the second
pump piston (268), and the first pump piston (288);

axial conduit (402): this axial conduit (402), with asso-
ciated radial conduits, 1s used to provide communica-
tion between the control valve (170) and a first side
(328) of the switch valve pistons (142, 146);

axial conduit (404): this axial conduit (404), with asso-

ciated radial conduts, 1s used to provide a control line
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(330) for delivering a control portion of the lower
wellbore gas phase to the control valve (170);

axial conduit (405): this axial conduit (405), with asso-
ciated radial conduits, 1s used to provide communica-
tion between the switch valve (130) and a first side
(332) of the pump drive pistons (236), and to provide
communication between the switch valve (130) and a
first side (334) of the second pump piston (268);

axial conduit (406): this axial conduit (406), with asso-
ciated radial conduits, 1s used to provide communica-
tion between the first pump (280) and the first pump
outlet (84);

axial condut (407): this axial conduit (407), with asso-
ciated radial conduits, 1s used to provide communica-
tion between the gas inlet (100) and the switch valve
(130)

axial conduit (407"): this axial conduit (407"), with asso-
ciated radial conduits, 1s used to provide communica-
tion between the switch valve (130) and a second side
(338) of the pump drive pistons (236);

axial conduit (408): this axial conduit (408), with asso-
ciated radial conduits, 1s used to provide communica-
tion between the switch valve (130) and the gas outlet
(88), to provide communication between the control
valve (170) and the gas outlet (88), and to provide
communication between the vent (100) and the gas
outlet (88);

axial conduit (410): this axial conduit (410), with asso-
ciated radial conduits, 1s used to provide communica-
tion between the second pump inlet (86) and a second
side (342) of the second pump piston (268), and to
provide communication between the second side (342)
of the second pump piston (268) and the second pump
outlet (314). The axial conduit (410) and its associated
radial conduits provide a second pump 1inlet line
between the second pump inlet (86) and the second
pump (260);

axial conduit (411): this axial conduit (402), with associ-
ated radial conduits, 1s used to provide communication
between the control valve (170) and a second side (344)
of the switch valve pistons (142, 146).

In the exemplary embodiment, additional axial conduits
(412, 414), with associated radial conduits, are used to
provide communication between the first pump (280) and
the first pump 1nlet (312). More specifically, in the exem-
plary embodiment, axial conduit (412) 1s used to provide
communication between a first side (346) of the first pump
piston (288) and the first pump inlet (312) and axial conduit
(414) 1s used to provide communication between a second
side (348) of the first pump piston (288) and the first pump
inlet (312). The axial conduit (406), the axial conduits (412,
414) and their associated radial conduits provide a first
pump outlet line between the first pump (280) and the first
pump outlet (84).

The operation of the exemplary embodiment of the appa-
ratus (10) 1s now described, with reference to FIG. 2 and
FIG. 3.

In FIG. 2, the apparatus (10) 1s depicted 1n a first appa-
ratus position, with the switch valve (130) 1n the first switch
valve position (132), with the control valve (170) 1n the first
control valve position (172), with the pump drive (220) 1n
the first pump drive position (222), with the second pump
(260) 1n the first second pump position (262), and with the
first pump (280) 1n the first first pump position (282).

In FIG. 3, the apparatus (10) 1s depicted 1mn a second
apparatus position, with the switch valve (130) 1n the second
switch valve position (134), with the control valve (170) 1n



US 10,066,468 B2

19

the second control valve position (174), with the pump drive
(220) 1n the second pump drive position (224), with the
second pump (260) 1n the second second pump position
(264), and with the first pump (280) 1n the second first pump
position (284).

The apparatus (10) 1s alternated between the {first appa-
ratus position and the second apparatus position by the
combined operation of the pump drive (220) and a switch
comprising the switch valve (130) and the control valve
(170).

FIGS. 2-3 are based upon the exemplary configuration for

the apparatus (10) 1n a wellbore (16), as depicted schemati-

cally in FIG. 1.
As a result, in FIGS. 2-3, the first pump outlet (84), the
second pump 1nlet (86), and the gas outlet (88) communicate

with the upper wellbore section (92), and the first pump 1nlet
(312), the second pump outlet (314) and the gas mlet (100)

communicate with the lower wellbore section (94).

Referring to FIGS. 2-3, the lower wellbore gas phase
enters the apparatus (10) at the gas nlet (100). The gas inlet
(100) communicates with the axial conduit (407) and with
the vent (110). If the lower wellbore gas pressure 1s above
a threshold gas pressure, the vent valve (112) 1s open so that
a vented portion of the lower wellbore gas phase 1s vented
to the gas outlet (88) via the axial conduit (408), thereby
bypassing the pump drive (220). If the lower wellbore gas
pressure 1s below the threshold gas pressure, the vent valve
(112) 1s closed so that the only path for the lower wellbore
gas phase through the apparatus (10) 1s through the axial
conduit (407).

The axial conduit (402) 1s associated with radial conduits
(402a, 4026, 402¢). The radial conduit (402a) provides

communication between the axial conduit (402) and the first
side (328) of the switch valve piston (142). The radial

conduit (402b) provides communication between the axial
conduit (402) and the first side (328) of the switch valve
piston (146). The radial conduit (402¢) provides communi-
cation between the axial conduit (402) and the control valve
(170).

The axial conduit (405) 1s associated with radial conduits
(405a, 405b, 405¢). The radial conduit (405a) provides
communication between the axial conduit (405) and the
switch valve (130). The radial conduits (405b) provide
communication between the axial conduit (405) and the first
side (332) of the pump drive pistons (236). The radial
conduit (405¢) provides communication between the axial
conduit (405) and the first side (334) of the second pump
piston (268). As a result, it can be seen that 1n the exemplary
embodiment, the second pump (260) 1s adapted to be driven
both by the pump drive (220) and directly by the lower
wellbore gas pressure of the lower wellbore gas phase being,
exerted on the first side (334) of the second pump piston
(268).

The axial conduit (407) 1s associated with radial conduits
(407a, 4075H). The radial conduits (407a, 4075) both provide
communication between the axial conduit (407) and the
switch valve (130). The axial conduit (407) delivers the
lower wellbore gas phase 1n parallel to the switch valve
(130) via radial conduits (407a, 407b) and to the control
valve (170) via control line (330).

The axial conduit (407") 1s associated with radial conduits
(407'a, 407'b). The radial conduit (407'a) provides commu-
nication between the axial conduit (407") and the switch
valve (130). The radial conduits (407'5) provide communi-
cation between the axial condut (407") and the second side
(338) of the pump drive pistons (236).
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The axial conduit (408) 1s associated with radial conduits
(408a, 4085, 408c, 4084d). The radial conduits (408a, 4085)
provide communication between the axial conduit (408) and
the switch valve (130). The radial conduits (408c, 408d)
provide communication between the axial conduit (408) and
the control valve (170).

The axial conduit (411) 1s associated with radial conduits
(411a, 4115, 411¢). The radial conduit (411a) provides
communication between the axial conduit (411) and the
second side (344) of the first switch valve piston (142). The
radial conduit (4115) provides communication between the
axial conduit (411) and the second side (344) of the second
switch valve piston (146). The radial conduit (411¢) pro-
vides communication between the axial condwt (411) and
the control valve (170).

Referring to FIG. 2, 1n the first apparatus position:

(a) the radial conduit (407a) and the radial conduit (405a)
are both aligned with the first switch valve port (152)
so that the lower wellbore gas phase 1s delivered from
the gas ilet (100) to the first side (332) of the pump
drive pistons (236) and to the first side (334) of the
second pump piston (268), thereby urging the pump
drive pistons (236) toward the first pump drive position
(222) and urging the second pump piston (268) toward
the first second pump position (264);

(b) the radial conduit (407'a) and the radial conduit (4085)
are both aligned with the second switch valve port
(154) so that the lower wellbore gas phase 1s delivered
from the second side (338) of the pump drive pistons
(236) to the gas outlet (88), thereby purging the second
side (338) of the pump drnive pistons (236) of the lower
wellbore gas phase;

(¢) the radial conduit (408c¢) and the radial conduit (411¢)
are both aligned with the first control valve port (198)
so that the lower wellbore gas phase 1s delivered from
the second side (344) of the switch valve pistons (142,
146) to the gas outlet (88), thereby purging the second
side (344) of the switch valve pistons (142, 146) of the
lower wellbore gas phase; and

(d) the control line (330) and the radial conduit (402¢) are
both aligned with the second control valve port (200) so
that the lower wellbore gas phase 1s delivered from the
gas 1nlet (100) to the first side (328) of the switch valve
pistons (142, 146), thereby urging the switch valve
pistons (142, 146) toward the first switch valve position
(132).

Referring to FIG. 3, 1n the second apparatus position:

(a) the radial conduit (405a) and the radial conduit (408a)
are both aligned with the first switch valve port (152)
so that the lower wellbore gas phase 1s delivered from
the first side (332) of the pump drive pistons (236) and
from the first side (334) of the second pump piston
(268) to the gas outlet (88), thereby purging the first
side (332) of the pump drive pistons (236) and the first
side (334) of the second pump piston (268) of the lower
wellbore gas phase;

(b) the radial conduit (4075) and the radial conduit (407'a)
are both aligned with the second switch valve port
(154) so that the lower wellbore gas phase 1s delivered
from the gas inlet (100) to the second side (338) of the
pump drive pistons (236), thereby urging the pump
drive pistons (236) toward the second pump drive
position (224);

(¢) the control line (330) and the radial conduit (411c¢) are
both aligned with the first control valve port (198) so
that the lower wellbore gas phase 1s delivered from the

gas inlet (100) to the second side (344) of the switch
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valve pistons (142, 146), thereby urging the switch
valve pistons (142, 146) toward the second switch
valve position (134); and

(d) the radial conduit (4084) and the radial conduit (402c¢)
are both aligned with the second control valve port
(200) so that the lower wellbore gas phase 1s delivered
from the second side (344) of the switch valve pistons
(142, 146) to the gas outlet (88), thereby purging the
first side (328) of the switch valve pistons (142, 146) of

the lower wellbore gas phase.

Referring to FIG. 2 and FIG. 3, 1t can be seen that the
reciprocation of the pump drive pistons (236) 1s controlled
by the switch valve (130), that the reciprocation of the
switch valve pistons (142, 146) 1s controlled by the control
valve (170), and that the reciprocation of the control valve
piston (186) 1s controlled by the pump drive (220).

More particularly, the reciprocation of the control valve
piston (186) 1s caused by the reciprocation of the control
valve shait (188), which 1s connected with the control valve
connector shaft (248), and by the resulting reciprocation
between the control valve stops (194, 196) of the control
valve actuating members (190, 192), which are connected
with the control valve shaft (188). The reciprocation of the
control valve connector shaft (248) 1s 1n turn caused by the
reciprocation of the pump drive pistons (236).

The second pump piston (268) and the first pump piston
(288) are both connected with the pump drive (220). As a
result, reciprocation of the pump drive pistons (236) causes
reciprocation of both the second pump piston (268) and the
first pump piston (288).

The axial conduit (410) 1s associated with radial conduits
(410a, 4105). The radial conduit (410a) provides commu-
nication between the axial conduit (410) and the second
pump 1inlet (86). The radial conduit (4105) provides com-
munication between the axial conduit (410) and the second
pump (260). The axial condut (410) and the radial conduits
(410a, 4100) together provide the second pump inlet line
(340).

In the exemplary embodiment, the second pump (260) 1s
a single acting pump, so that only the second side (342) of
the second pump piston (268) 1s used to pump fluids from
the upper wellbore section (92) to the lower wellbore section
(94). As a result, 1n the exemplary embodiment, the radial
conduit (4105) more particularly provides communication
between the axial conduit (410) and the second side (342) of
the second pump piston (268).

In the exemplary embodiment, a second pump check
valve (350) 1s provided 1n the axial conduit (410) on each
side of the junction between the axial conduit (410) and the
radial conduit (4105), to facilitate pumping by the second
pump (260) from the upper wellbore section (92) into the
lower wellbore section (94) as the second pump piston (268)
reciprocates.

The axial conduit (406) 1s associated with radial conduits
(4064, 406b). The radial conduit (406a) provides commu-
nication between the axial conduit (406) and a pressure
relief port (360) adjacent to the proximal end (12) of the
apparatus (10). In the exemplary embodiment, a pressure
reliel device (362) 1s provided 1n the radial conduit (406a).
In the exemplary embodiment, the pressure relief device
(362) 1s comprised of a burst disc. The radial conduit (4065)
provides communication between the axial conduit (406)
and the axial conduits (412, 414).

The axial conduit (412) 1s associated with radial conduits

(412a, 412b). The radial conduit (412a) provides commu-
nication between the axial conduit (412) and the first pump
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(280). The radial conduit (4125) provides communication
between the axial conduit (412) and the first pump inlet
(312).

The axial conduit (414) 1s associated with radial conduits
(414a, 414b). The radial conduit (414a) provides commu-
nication between the axial conduit (414) and the first pump
(280). The radial conduit (414H) provides communication
between the axial conduit (414) and the first pump inlet
(312).

In the exemplary embodiment, the first pump (280) 1s a
double acting pump, so that both sides (346, 348) of the first
pump piston (288) are used to pump flmds from the lower
wellbore section (94). As a result, 1n the exemplary embodi-
ment, the radial conduit (412a) more particularly provides
communication between the axial conduit (412) and the first
side (346) of the first pump piston (288), and the radial
conduit (414a) more particularly provides communication
between the axial conduit (414) and the second side (348) of
the first pump piston (288).

In the exemplary embodiment, a first pump check valve
(364) 1s provided 1n the axial conduits (412, 414) on both
sides of the junctions between the axial conduits (412, 414)
and the radial conduits (412a, 414a) respectively, to facili-
tate pumping by the first pump (280) from the upper
wellbore section (92) as the first pump piston (288) recip-
rocates.

In the exemplary embodiment, a first pump outlet check
valve (366) 1s provided 1n the axial conduit (406) adjacent to
the first pump outlet (84), for preventing fluids from passing
from the upper wellbore section (92) through the axial
conduit (406). In the exemplary embodiment, the junction
between the axial conduit (406) and the radial conduit
(406a) 1s between the first pump outlet (84) and the first
pump outlet check valve (366) and the pressure relief device
(362) 1s configured to pressure in the axial conduit (406)
before damage due to over-pressurization 1s caused to the
first pump outlet check valve (366).

The method of the invention may be performed using any
suitable apparatus or combination of apparatus, including an
apparatus (10) within the scope of the imnvention. In some
applications, the method of the invention may be performed
using the exemplary embodiment of the apparatus (10) of
the invention, as described above.

An exemplary embodiment of the method of the invention
using the exemplary embodiment of the apparatus (10) of
the invention may be performed as follows, with reference
to FIGS. 1-3.

First, the apparatus (10) may be inserted 1n the wellbore
(16). The apparatus (10) may be lowered 1nto the wellbore
(16) 1n any suitable manner, including on a pipe string, on
colled tubing, on a wireline, on a slickline, or on any other
suitable running string and/or using any suitable running
tool. In some applications, the apparatus (10) may be
lowered 1nto the wellbore (16) on jointed or coiled produc-
tion tubing (not shown) and may remain attached to the
production tubing during use of the apparatus (10).

Second, the wellbore (16) may be sealed by actuating the
packer (90) as a sealing device to provide the upper wellbore
section (92) and the lower wellbore section (94). The
wellbore (16) may include a single producing interval or a
plurality of producing intervals. If the wellbore (16) includes
a single producing interval, the wellbore (16) 1s preferably
sealed above the single producing interval. If the wellbore
(16) includes a plurality of producing intervals, the wellbore
(16) 1s preferably sealed above the highest (most proximal)
producing interval 11 all producing intervals produce signifi-
cant liquid, and 1s preferably sealed above the lowest (most
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distal) producing interval if the lowest producing interval
produces gas and the upper producing intervals produce a
low percentage of the total liquid production from the
wellbore (16).

Third, the lower wellbore gas phase may be supplied to
the pump drive (220) by allowing the lower wellbore gas
phase to enter the apparatus (10) from the lower wellbore
section (94) at the gas inlet (100). If the lower wellbore gas
pressure 1s below a threshold gas pressure, all of the lower
wellbore gas phase which enters the apparatus (10) at the gas
inlet (100) will be available to power the pump drive. If the
lower wellbore gas pressure 1s above the threshold gas
pressure, a vented portion of the lower wellbore gas phase
may be vented to the upper wellbore section (92) so that the

vented portion of the lower wellbore gas phase bypasses the
pump drive (220).

Fourth, the first pump (280) may be driven by the pump
drive (220) to pump fluids from the lower wellbore section
(94) and the second pump (260) may be driven by the pump
drive (220) to pump flumids from the upper wellbore section
(92) 1nto the lower wellbore section.

Apparatus and methods within the scope of the imnvention
may be suitable for use in many applications in which
reservolr gas and reservoir gas pressure 1s available to power
the pump drive. In many applications, no external power 1s
required 1n order to power an apparatus within the scope of
the invention, with the result that the invention may be used
in remote locations with little or no surface equipment being
required. The potential for little or no surface equipment can
result 1n very little noise being present at the ground surface
during use of the invention.

Apparatus and methods within the scope of the imnvention
may also be suitable for use 1mn a wide range of reservoir
conditions and wellbore configurations. In many applica-
tions, little or no wellbore modification may be required to
tacilitate use of apparatus and methods within the scope of
the 1nvention.

Apparatus and methods within the scope of the imnvention
may be particularly suited for use 1n gas wells and 1n high
gas-to-o1l ratio (GOR) o1l wells, and/or wells which may
experience 1ssues relating to liquid loading.

Apparatus and methods within the scope of the invention
may be used 1n vertical wellbores and/or in deviated well-
bores. For best results i highly deviated wellbores (having
deviation angles greater than ninety degrees), the sealing
device 1s preferably positioned 1 the wellbore at a location
which 1s above or proximal to the point where the wellbore
first experiences a ninety degree deviation angle (1.e., a
horizontal orientation).

Apparatus and methods within the scope of the invention
may be used 1 wellbores having a wide range of liquid
loading and/or liquid production rates, in wellbores having
a wide range of reservoir gas volumes and/or gas production
rates, and in wellbores having a wide range of reservoir gas
pressures, by varyving the design parameters of the apparatus.

Apparatus and methods within the scope of the invention
which include the second pump (260) facilitate the pumping
from the upper wellbore section (92) to the lower wellbore
section (94) of various fluids, including liquid which accu-
mulates 1n the upper wellbore section (92) during use of the
apparatus, wellbore or reservoir treatment fluids, and/or
fluids which may be used to mtiate the operation of the
apparatus 1n the event of stalling of the apparatus during use
or in the event of insullicient lower wellbore gas pressure
being available to overcome friction and inertia 1 order to
initiate operation of the apparatus.
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The practicality of pumping fluids from the upper well-
bore section (92) to the lower wellbore section (94) with the
second pump (260) can be enhanced by the inclusion of the
first pump outlet check valve (366), the pressure relief port
(360) and the pressure relief device (362), which can reduce
the likelihood of damage to the first pump (280) or other
components ol the apparatus (10) if fluids are introduced
into the upper wellbore section (92) under pressure to
tacilitate their passing through the second pump (260).

In this document, the word “comprising” 1s used 1n 1ts
non-limiting sense to mean that items following the word are
included, but items not specifically mentioned are not
excluded. A reference to an element by the indefinite article
“a” does not exclude the possibility that more than one of the
clements 1s present, unless the context clearly requires that
there be one and only one of the elements.

The embodiments of the invention i which an exclusive
property or privilege 1s claimed are defined as follows:

1. An apparatus for insertion in a wellbore 1n order to
move fluids 1n the wellbore, wherein the wellbore commu-
nicates with an underground reservoir containing reservoir
fluids such that the reservoir fluids enter the wellbore,
wherein the reservoir fluids are comprised of a gas phase,
and wherein the apparatus comprises:

(a) a sealing device adapted for sealing the wellbore in
order to provide an upper wellbore section proximal to
the sealing device and a lower wellbore section distal to
the sealing device, so that a lower wellbore gas phase
which 1s contained in the lower wellbore section 1s
maintained at a lower wellbore gas pressure;

(b) a first pump for pumping flmds from the lower
wellbore section, wherein the first pump comprises a
first pump 1nlet in communication with the lower
wellbore section;

(¢) a second pump for pumping fluids from the upper
wellbore section into the lower wellbore section,
wherein the second pump comprises a second pump
inlet in communication with the upper wellbore sec-
tion, a second pump outlet 1n communication with the
lower wellbore section, a second pump 1inlet line con-
necting the second pump with the second pump inlet,
and a second pump outlet line connecting the second
pump with the second pump outlet, so that fluds
pumped by the second pump from the upper wellbore
section 1nto the lower wellbore section are pumped
from the lower wellbore section by the first pump;

(d) a pump drive operably connected to the first pump and
the second pump, for driving the first pump and the
second pump, wherein the pump drive 1s adapted to be
powered using the lower wellbore gas pressure of the
lower wellbore gas phase;

(e) a gas 1nlet 1n communication with the lower wellbore
section, for receiving the lower wellbore gas phase
from the lower wellbore section 1n order to supply the
lower wellbore gas phase to the pump drive; and

(1) a gas outlet 1n communication with the upper wellbore
section, for exhausting the lower wellbore gas phase
from the pump drive into the upper wellbore section.

2. The apparatus as claimed 1n claim 1 wheremn the
apparatus has a proximal end and a distal end, wherein the
first pump, the second pump and the pump drive are axially
spaced between the proximal end and the distal end, and
wherein the first pump 1s located axially between the pump
drive and the distal end.

3. The apparatus as claimed 1n claiam 1 wheremn the
apparatus has a proximal end and a distal end, wherein the
first pump, the second pump and the pump drive are axially
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spaced between the proximal end and the distal end, and
wherein the second pump 1s located axially between the
pump drive and the distal end.

4. The apparatus as claimed 1n claim 3 wherein the second
pump 1s located axially between the pump drive and the first
pump.

5. The apparatus as claimed in claim 1 wherein the
apparatus has a proximal end and a distal end, wherein the
sealing device 1s located axially between the proximal end
and the distal end, and wherein the first pump let is
adjacent to the distal end of the apparatus.

6. The apparatus as claimed 1n claim 5 wherein the second
pump outlet 1s adjacent to the distal end of the apparatus.

7. The apparatus as claimed 1n claim 6 wherein the second
pump 1inlet 1s adjacent to the proximal end of the apparatus.

8. The apparatus as claimed 1n claim 7 wherein the second
pump 1nlet line extends axially through the apparatus
between the second pump inlet and the second pump and
wherein the second pump outlet line extends axially through
the apparatus between the second pump and the second
pump outlet.

9. The apparatus as claimed in claim 1 wherein the
apparatus has a proximal end and a distal end, wherein the
sealing device 1s located axially between the proximal end
and the distal end, wherein the first pump has a first pump
outlet, and wherein the first pump outlet 1s adjacent to the
proximal end of the apparatus.

10. The apparatus as claimed 1n claim 9, further compris-
ing a first pump outlet line extending axially through the
apparatus between the first pump and the first pump outlet.

11. The apparatus as claimed in claim 10, further com-
prising a first pump outlet check valve positioned 1n the first
pump outlet line adjacent to the first pump outlet, for
preventing fluids from passing from the upper wellbore
section through the first pump outlet line.

12. The apparatus as claimed 1n claim 11, further com-
prising a pressure reliel device positioned 1n the first pump
outlet line between the first pump outlet and the first pump
outlet check valve.

13. The apparatus as claimed in claim 1 wherein the
second pump 1s adapted to be driven directly by the lower
wellbore gas pressure 1n addition to being driven by the
pump drive.

14. The apparatus as claimed 1n claim 1, further compris-
ing a vent for venting to the upper wellbore section a vented
portion of the lower wellbore gas phase so that the vented
portion of the lower wellbore gas phase bypasses the pump
drive.

15. The apparatus as claimed in claim 14 wherein the first
pump 1s a reciprocating pump, wherein the second pump 1s
a reciprocating pump, and wherein the pump drive 1s a
reciprocating pump drive, further comprising:

(g) a switch for alternately directing the lower wellbore
gas phase received at the gas inlet to opposite sides of
the pump drive 1n order to reciprocate the pump drive,
wherein the switch 1s comprised of:

(1) a reciprocating switch valve, wherein the switch
valve reciprocates between a first switch valve posi-
tion 1 which the lower wellbore gas phase 1is
directed to a first side of the pump drive and a second
switch valve position 1n which the lower wellbore
gas phase 1s directed to a second side of the pump
drive;

(1) a reciprocating control valve, wherein the control
valve 1s reciprocated by the pump drive between a
first control valve position 1n which a control portion
of the lower wellbore gas phase which is recerved at
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the gas inlet 1s directed to a first side of the switch
valve 1n order to reciprocate the switch valve to the
first switch valve position and a second control valve
position in which the control portion of the lower
wellbore gas phase 1s directed to a second side of the
switch valve 1n order to reciprocate the switch valve
to the second switch valve position; and

(111) a control line for delivering the control portion of
the lower wellbore gas phase to the control valve,
wherein the control line 1s configured so that the
lower wellbore gas phase 1s received at the gas inlet
and 1s delivered to the switch valve and to the control
valve 1n parallel.

16. The apparatus as claimed 1n claim 15 wherein the
switch valve 1s comprised of a plurality of switch valve
pistons and a switch valve linkage connecting the switch
valve pistons so that the switch valve pistons reciprocate
together, wherein the control portion of the lower wellbore
gas phase 1s directed to a first side of all of the switch valve
pistons when the control valve 1s 1n the first control valve
position 1n order to reciprocate the switch valve to the first
switch valve position, and wherein the control portion of the
lower wellbore gas phase 1s directed to a second side of all
of the switch valve pistons when the control valve 1s 1n the
second control valve position 1 order to reciprocate the
switch valve to the second switch valve position.

17. The apparatus as claimed in claim 14 wherein the first
pump 1s a reciprocating pump, wherein the second pump 1s
a reciprocating pump, and wherein the pump dnive 1s a
reciprocating pump drive, further comprising:

(g) a switch for alternately directing the lower wellbore
gas phase received at the gas inlet to opposite sides of
the pump drive in order to reciprocate the pump drive,
wherein the switch 1s comprised of:

(1) a reciprocating switch valve, wherein the switch
valve reciprocates between a first switch valve posi-
tion 1 which the lower wellbore gas phase 1is
directed to a first side of the pump drive and a second
switch valve position 1n which the lower wellbore
gas phase 1s directed to a second side of the pump
drive, wherein the switch valve 1s comprised of a
plurality of switch valve pistons and a switch valve
linkage connecting the switch valve pistons so that
the switch valve pistons reciprocate together; and

(1) a reciprocating control valve, wherein the control
valve 1s reciprocated by the pump drive between a
first control valve position 1n which a control portion
of the lower wellbore gas phase 1s directed to a first
side of all of the switch valve pistons 1n order to
reciprocate the switch valve to the first switch valve
position and a second control valve position 1n which
the control portion of the lower wellbore gas phase
1s directed to a second side of all of the switch valve
pistons 1n order to reciprocate the switch valve to the
second switch valve position.

18. The apparatus as claimed 1n claim 1 wherein the first
pump 1s a reciprocating pump, wherein the second pump 1s
a reciprocating pump, and wherein the pump dnive 1s a
reciprocating pump drive, further comprising:

(g) a switch for alternately directing the lower wellbore
gas phase received at the gas inlet to opposite sides of
the pump drive in order to reciprocate the pump drive,
wherein the switch 1s comprised of:

(1) a reciprocating switch valve, wherein the switch
valve reciprocates between a first switch valve posi-
tion 1 which the lower wellbore gas phase 1is
directed to a first side of the pump drive and a second
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switch valve position in which the lower wellbore
gas phase 1s directed to a second side of the pump
drive;

(1) a reciprocating control valve, wherein the control
valve 1s reciprocated by the pump drive between a
first control valve position 1n which a control portion

of the lower wellbore gas phase which is recerved at
the gas inlet 1s directed to a first side of the switch
valve 1n order to reciprocate the switch valve to the
first switch valve position and a second control valve
position 1 which the control portion of the lower
wellbore gas phase 1s directed to a second side of the
switch valve i order to reciprocate the switch valve
to the second switch valve position; and

(111) a control line for delivering the control portion of
the lower wellbore gas phase to the control valve,
wherein the control line 1s configured so that the
lower wellbore gas phase 1s received at the gas inlet
and 1s delivered to the switch valve and to the control
valve 1n parallel.

19. The apparatus as claimed in claim 18 wherein the
switch valve 1s comprised of a plurality of switch valve
pistons and a switch valve linkage connecting the switch
valve pistons so that the switch valve pistons reciprocate
together, wherein the control portion of the lower wellbore
gas phase 1s directed to a first side of all of the switch valve
pistons when the control valve 1s in the first control valve
position 1n order to reciprocate the switch valve to the first
switch valve position, and wherein the control portion of the
lower wellbore gas phase 1s directed to a second side of all
of the switch valve pistons when the control valve 1s 1n the
second control valve position 1 order to reciprocate the
switch valve to the second switch valve position.

20. The apparatus as claimed 1n claim 1 wherein the first
pump 1s a reciprocating pump, wherein the second pump 1s
a reciprocating pump, and wherein the pump drive 1s a
reciprocating pump drive, further comprising:

(g) a switch for alternately directing the lower wellbore
gas phase received at the gas inlet to opposite sides of
the pump drive 1n order to reciprocate the pump drive,
wherein the switch 1s comprised of:

(1) a reciprocating switch valve, wherein the switch
valve reciprocates between a first switch valve posi-
tion 1 which the lower wellbore gas phase 1is
directed to a first side of the pump drive and a second
switch valve position 1n which the lower wellbore
gas phase 1s directed to a second side of the pump
drive, wherein the switch valve 1s comprised of a
plurality of switch valve pistons and a switch valve
linkage connecting the switch valve pistons so that
the switch valve pistons reciprocate together; and

(1) a reciprocating control valve, wherein the control
valve 1s reciprocated by the pump drive between a
first control valve position 1n which a control portion
of the lower wellbore gas phase 1s directed to a first
side of all of the switch valve pistons 1n order to
reciprocate the switch valve to the first switch valve
position and a second control valve position 1n which
the control portion of the lower wellbore gas phase
15 directed to a second side of all of the switch valve
pistons 1n order to reciprocate the switch valve to the
second switch valve position.

21. An apparatus for mnsertion in a wellbore 1 order to
move fluids 1n the wellbore, wherein the wellbore commu-
nicates with an underground reservoir containing reservoir
fluids such that the reservoir fluids enter the wellbore,
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wherein the reservoir fluids are comprised of a gas phase,
and wherein the apparatus comprises:

(a) a sealing device adapted for sealing the wellbore in
order to provide an upper wellbore section proximal to
the sealing device and a lower wellbore section distal to
the sealing device, so that a lower wellbore gas phase
which 1s contained in the lower wellbore section 1s
maintained at a lower wellbore gas pressure;

(b) a first pump for pumping flmds from the lower
wellbore section;

(¢) a pump drive operably connected to the first pump, for
driving the first pump, wherein the pump drive 1s
adapted to be powered using the lower wellbore gas
pressure of the lower wellbore gas phase;

(d) a gas inlet 1n communication with both the lower
wellbore section and the pump drive, for recerving the
lower wellbore gas phase from the lower wellbore
section 1n order to supply the lower wellbore gas phase
to the pump dnive;

(¢) a gas outlet in communication with both the upper
wellbore section and the pump drive, for exhausting the
lower wellbore gas phase from the pump drive into the
upper wellbore section; and

(1) a vent for venting to the upper wellbore section a
vented portion of the lower wellbore gas phase so that
the vented portion of the lower wellbore gas phase
bypasses the pump drive, wherein the vent 1s 1n com-
munication with both the gas inlet and the gas outlet so
that the vented portion of the lower wellbore gas phase
1s received by the apparatus through the gas inlet and 1s
vented from the apparatus through the gas outlet.

22. The apparatus as claimed in claim 21 wherein the
vented portion of the lower wellbore gas phase 1s a portion
of the lower wellbore gas phase which 1s received at the gas
inlet.

23. The apparatus as claimed in claim 21, further com-
prising a vent valve associated with the vent, wherein the
vent valve 1s configured so that the vent 1s open when the
lower wellbore gas pressure 1s above a threshold gas pres-
sure and so that the vent 1s closed when the lower wellbore
gas pressure 1s below the threshold gas pressure.

24. The apparatus as claimed 1n claim 21 wherein the first
pump 1s a reciprocating pump and wherein the pump drive
1s a reciprocating pump drive, further comprising:

(g) a switch for alternately directing the lower wellbore
gas phase received at the gas inlet to opposite sides of
the pump drive in order to reciprocate the pump drive,
wherein the switch 1s comprised of:

(1) a reciprocating switch valve, wherein the switch
valve reciprocates between a first switch valve posi-
tion 1 which the lower wellbore gas phase 1is
directed to a first side of the pump drive and a second
switch valve position in which the lower wellbore
gas phase 1s directed to a second side of the pump
drive;

(11) a reciprocating control valve, wherein the control
valve 1s reciprocated by the pump drive between a
first control valve position 1n which a control portion
of the lower wellbore gas phase which 1s recerved at
the gas inlet 1s directed to a first side of the switch
valve 1 order to reciprocate the switch valve to the
first switch valve position and a second control valve
position 1 which the control portion of the lower
wellbore gas phase 1s directed to a second side of the
switch valve 1n order to reciprocate the switch valve
to the second switch valve position, and
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(111) a control line for delivering the control portion of
the lower wellbore gas phase to the control valve,
wherein the control line 1s configured so that the
lower wellbore gas phase 1s received at the gas inlet
and 1s delivered to the switch valve and to the control
valve 1n parallel.

25. The apparatus as claimed 1n claim 24 wherein the
switch valve 1s comprised of a plurality of switch valve
pistons and a switch valve linkage connecting the switch
valve pistons so that the switch valve pistons reciprocate
together, wherein the control portion of the lower wellbore
gas phase 1s directed to a first side of all of the switch valve
pistons when the control valve 1s in the first control valve
position 1n order to reciprocate the switch valve to the first
switch valve position, and wherein the control portion of the
lower wellbore gas phase 1s directed to a second side of all
of the switch valve pistons when the control valve 1s 1n the
second control valve position 1 order to reciprocate the
switch valve to the second switch valve position.

26. The apparatus as claimed 1n claim 21 wherein the first
pump 1s a reciprocating pump and wherein the pump drive
1s a reciprocating pump drive, further comprising:

(g) a switch for alternately directing the lower wellbore
gas phase received at the gas inlet to opposite sides of
the pump drive in order to reciprocate the pump drive,
wherein the switch 1s comprised of:

(1) a reciprocating switch valve, wherein the switch
valve reciprocates between a first switch valve posi-
tion i which the lower wellbore gas phase 1s
directed to a first side of the pump drive and a second
switch valve position 1n which the lower wellbore
gas phase 1s directed to a second side of the pump
drive, wherein the switch valve 1s comprised of a
plurality of switch valve pistons and a switch valve
linkage connecting the switch valve pistons so that
the switch valve pistons reciprocate together; and

(1) a reciprocating control valve, wherein the control
valve 1s reciprocated by the pump drive between a
first control valve position 1n which a control portion
of the lower wellbore gas phase 1s directed to a first
side of all of the switch valve pistons 1n order to
reciprocate the switch valve to the first switch valve
position and a second control valve position in which
the control portion of the lower wellbore gas phase
1s directed to a second side of all of the switch valve
pistons 1n order to reciprocate the switch valve to the
second switch valve position.

27. The apparatus as claimed 1n claim 21, further com-
prising a gas outlet chamber between the vent and the gas
outlet, wherein the vented portion of the lower wellbore gas
phase 1s vented to the gas outlet chamber before being
released to the upper wellbore section through the gas outlet.

28. The apparatus as claimed 1n claim 27 wherein the gas
outlet chamber 1s between the pump drive and the gas outlet,
and wherein the exhausted lower wellbore gas phase from
the pump drive 1s recerved 1n the gas outlet chamber before
being released to the upper wellbore section through the gas
outlet.

29. The apparatus as claimed 1n claim 28, further com-
prising a conduit for providing communication between the
vent and the gas outlet chamber.

30. The apparatus as claimed 1n claim 29 wherein the
conduit further provides communication between the pump
drive and the gas outlet chamber.

31. An apparatus for insertion in a wellbore 1 order to
move fluids 1n the wellbore, wherein the wellbore commu-
nicates with an underground reservoir containing reservoir
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fluids such that the reservoir fluids enter the wellbore,
wherein the reservoir fluids are comprised of a gas phase,
and wherein the apparatus comprises:

(a) a sealing device adapted for sealing the wellbore 1n
order to provide an upper wellbore section proximal to
the sealing device and a lower wellbore section distal to
the sealing device, so that a lower wellbore gas phase
which 1s contained in the lower wellbore section 1s
maintained at a lower wellbore gas pressure;

(b) a reciprocating first pump for pumping tluids from the
lower wellbore section;

(¢) a reciprocating pump drive operably connected to the
first pump, for driving the first pump, wherein the pump
drive 1s adapted to be powered using the lower wellbore
gas pressure ol the lower wellbore gas phase;

(d) a gas ilet in communication with the lower wellbore
section, for receiving the lower wellbore gas phase
from the lower wellbore section 1n order to supply the
lower wellbore gas phase to the pump drnive;

(¢) a gas outlet 1n communication with the upper wellbore
section, for exhausting the lower wellbore gas phase
from the pump drive into the upper wellbore section;
and

(1) a switch for alternately directing the lower wellbore
gas phase received at the gas inlet to opposite sides of
the pump drive 1n order to reciprocate the pump drive,
wherein the switch 1s comprised of:

(1) a reciprocating switch valve, wherein the switch
valve reciprocates between a first switch valve posi-
tion 1 which the lower wellbore gas phase 1is
directed to a first side of the pump drive and a second
switch valve position 1n which the lower wellbore
gas phase 1s directed to a second side of the pump
drive;

(1) a reciprocating control valve, wherein the control
valve 1s reciprocated by the pump drive between a
first control valve position 1n which a control portion
of the lower wellbore gas phase which is recerved at
the gas inlet 1s directed to a first side of the switch
valve 1n order to reciprocate the switch valve to the
first switch valve position and a second control valve
position in which the control portion of the lower
wellbore gas phase 1s directed to a second side of the
switch valve 1n order to reciprocate the switch valve
to the second switch valve position; and

(111) a control line for delivering the control portion of
the lower wellbore gas phase to the control valve,
wherein the control line 1s configured so that the
lower wellbore gas phase 1s received at the gas inlet
and 1s delivered to the switch valve and to the control
valve 1n parallel.

32. The apparatus as claimed in claim 31 wherein the
switch valve 1s comprised of a plurality of switch valve
pistons and a switch valve linkage connecting the switch
valve pistons so that the switch valve pistons reciprocate
together, wherein the control portion of the lower wellbore
gas phase 1s directed to a first side of all of the switch valve
pistons when the control valve 1s 1n the first control valve
position 1n order to reciprocate the switch valve to the first
switch valve position, and wherein the control portion of the
lower wellbore gas phase 1s directed to a second side of all
of the switch valve pistons when the control valve 1s 1n the
second control valve position 1 order to reciprocate the
switch valve to the second switch valve position.

33. An apparatus for insertion i a wellbore in order to
move fluids 1in the wellbore, wherein the wellbore commu-
nicates with an underground reservoir containing reservoir




US 10,066,468 B2

31

fluids such that the reservoir fluids enter the wellbore,
wherein the reservorr fluids are comprised of a gas phase,
and wherein the apparatus comprises:

(a) a sealing device adapted for sealing the wellbore 1n
order to provide an upper wellbore section proximal to
the sealing device and a lower wellbore section distal to
the sealing device, so that a lower wellbore gas phase
which 1s contained in the lower wellbore section 1s
maintained at a lower wellbore gas pressure;

(b) a reciprocating first pump for pumping fluids from the
lower wellbore section;

(c) a reciprocating pump drive operably connected to the
first pump, for driving the first pump, wherein the pump
drive 1s adapted to be powered using the lower wellbore
gas pressure ol the lower wellbore gas phase;

(d) a gas 1nlet 1n communication with the lower wellbore
section, for receiving the lower wellbore gas phase
from the lower wellbore section 1n order to supply the
lower wellbore gas phase to the pump drive;

(e) a gas outlet in communication with the upper wellbore
section, for exhausting the lower wellbore gas phase
from the pump drive ito the upper wellbore section;
and

(1) a switch for alternately directing the lower wellbore
gas phase received at the gas inlet to opposite sides of
the pump drive in order to reciprocate the pump drive,
wherein the switch 1s comprised of:

(1) a reciprocating switch valve, wherein the switch
valve reciprocates between a first switch valve posi-
tion 1 which the lower wellbore gas phase 1is
directed to a first side of the pump drive and a second
switch valve position in which the lower wellbore
gas phase 1s directed to a second side of the pump
drive, wherein the switch valve 1s comprised of a
plurality of switch valve pistons and a switch valve
linkage connecting the switch valve pistons so that
the switch valve pistons reciprocate together; and

(1) a reciprocating control valve, wherein the control
valve 1s reciprocated by the pump drive between a
first control valve position 1n which a control portion
of the lower wellbore gas phase 1s directed to a first
side of all of the switch valve pistons 1n order to
reciprocate the switch valve to the first switch valve
position and a second control valve position 1n which
the control portion of the lower wellbore gas phase
1s directed to a second side of all of the switch valve
pistons 1n order to reciprocate the switch valve to the
second switch valve position.

34. A method for moving tluids in a wellbore, wherein the
wellbore communicates with an underground reservoir con-
taining reservoir fluids such that the reservoir fluids enter the
wellbore, wherein the reservoir fluids are comprised of a gas
phase, and wherein the method comprises:

(a) sealing the wellbore in order to provide an upper

wellbore section and a lower wellbore section, so that
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a lower wellbore gas phase which 1s contained 1n the
lower wellbore section 1s maintained at a lower well-
bore gas pressure;

(b) supplying the lower wellbore gas phase to a pump
drive 1n order to power the pump drive, wherein the
pump drive 1s adapted to be powered using the lower
wellbore gas pressure of the lower wellbore gas phase;

(¢) driving a first pump with the pump drive 1n order to
pump fluids from the lower wellbore section; and

(d) driving a second pump with the pump drive 1n order
to pump tluids from the upper wellbore section into the
lower wellbore section so that fluids pumped by the
second pump from the upper wellbore section 1nto the
lower wellbore section are pumped from the lower
wellbore section by the first pump.

35. A method for moving fluids 1n a wellbore, wherein the
wellbore communicates with an underground reservoir con-
taining reservoir fluids such that the reservoir fluids enter the
wellbore, wherein the reservoir fluids are comprised of a gas
phase, and wherein the method comprises:

(a) sealing the wellbore 1n order to provide an upper

wellbore section and a lower wellbore section, so that
a lower wellbore gas phase which 1s contained 1n the
lower wellbore section 1s maintained at a lower well-
bore gas pressure;

(b) receiving the lower wellbore gas phase from the lower
wellbore section through a gas inlet which 1s 1n com-
munication with the lower wellbore section;

(¢) supplying the lower wellbore gas phase from the gas
inlet to a pump drive 1n order to power the pump drive,
wherein the pump drive 1s adapted to be powered using
the lower wellbore gas pressure of the lower wellbore
gas phase;

(d) exhausting the lower wellbore gas phase from the
pump drive into the upper wellbore section through a
gas outlet which 1s 1n communication with the upper
wellbore section;

(¢) driving a first pump with the pump drive 1n order to
pump fluids from the lower wellbore section; and

(1) venting to the upper wellbore section a vented portion
of the lower wellbore gas phase through a vent so that
the vented portion of the lower wellbore gas phase
bypasses the pump drive, wherein the vent 1s 1n com-
munication with both the gas inlet and the gas outlet so
that the vented portion of the lower wellbore gas phase
1s recerved through the gas mlet and 1s vented through
the gas outlet.

36. The method as claimed 1 claim 35 wherein the
venting occurs when the lower wellbore gas pressure 1s
above a threshold gas pressure.

37. The method as claimed in claim 35, further compris-
ing driving a second pump with the pump drive 1n order to
pump tluids from the upper wellbore section into the lower
wellbore section.
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